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General: Definition 
CA Axial force coefficient 
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GAS DYNAMIC NOMENCLATURE


Symbol Definition


P. Pressure (absolute) at model surface tap i, psia


Cp. Pressure coefficient for model surface tap i."


i 
6CP. CPPower on-CPPower Off


F Chamber pressure (absolute) for nozzle j, psia 
C.3 
P Exit pressure (absolute) for nozzle j. psia


e.3. 
CPR. Chamber-pressure ratio for nozzle j, P /P


y. Ratio of specific heats for nozzle J


Pc/P SSME chamber to freestream pressure ratio
 

ORE


Pc/P SRB chamber to freestream pressure ratio


SRE


P /P Chamber to exit nozzle pressure ratio


c e 
Pc/Pwall Chamber to nozzle wall pressure ratio 
M. Plume boundary Mach number-at nozzle lip
3 
ME Nozzle exit Mach number at nozzle wall (inviscid)


N Exponent of ratio of specific heats and in similarity paramet


6j Initial plume expansion angle


Deflections:


6EI Left inboard elevon setting, corrected for load deflection, c 
SEo Left outboard elevon setting, corrected for load deflection, 
xii
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Test Operations:


M Freestream Mach number.


Re/ft Freestream unit Reynolds number, ft- I .


q Freestream dynamic pressure, psf.


P0 Freestream static pressure, psia. 
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T Freestream static temperature, OR. 
TT Freestream total temperature, OR. 
a Model angle-of-attack, deg. 
Model angle-of-sideslip, deg.


SRB supply total temperature, OR.
TTsRB 
TKN MPS supply total temperature, OR. 
P'PMPS supply total pressure, psia.


P SRB supply total pressure, psia.
CSRB 
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.Section I


-INTRODUCTION


The analysis of pressure and gage wind tunnel data from Space Shuttle "


wind tunnel test IA138 was performed- to define the aerodynamic influence of the


main propulsion system (MPS) and solid rocket booster (SRB) plumes on the total


vehicle, elements, and components of the Space Shuttle vehicle during the


supersonic portion of ascent flight.
 

- Wind tunnel test IA138 was a supersonic test o'f a '0.01-scalemodel of the 
Space Shuttle launch vehicle. The wind tunnel test was conducted in the 9 x 7­
foot section of theNASA/AMES Research Center Unitary Plan Wind Tunnel. Pres­
sure data were obtained over the aft portions of the wind tunnel model. Wing 
and elevon gage data were also obtained. 
Air was used as a simulant gas to develop the model exhaust plumes. A


portion of the test was devoted to testing at various power levels. Data from


the power level portion was used in conjunction with prototype base pressure


possibility curves to evaluate nominal power levels to be used during the


investigation of changes in model attitude, and elevon deflections. The


simulation parameter used to develop nominal power levels was 
t6.. N] = [6.y.N I where N varies with Mach number.3 PROT 3 MODEL


The plume induced aerodynamic loads were developed for the Space Shuttle
 

base areas and forebody areas. The base areas include the orbiter base


including nozzles, ET base and SRB base. The forebody includes the orbiter


areas forward of the base, including the blody flap, the wings and elevons,


and ET and SRB areas forward of the base.


A math model of the plume induced aerodynamic characteristics was develope(


for a range of Mach numbers to match the forebody aerodynamic math model. The


base aerodynamic characteristics are presented in terms of forces and moments


versus attitude. Total vehicle base and forebody aerodynamic characteristics


are presented in terms of aerodynamic coefficients for Mach numbers from 1.55


to 2.5. -Element and-component base and forebody aerodynamic characteristics ari
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presented for Mach numbers of 1.55, 1.8, 2.2 and 2.5. These Mach numbers are 
compatible with defined forebody aerodynamic characteristics.


Tolerances were developed for all plume induced aerodynamic characteristic 
The'tolerances are developed in terms of a math model and include simulation 
parameter uncertainties, model instrumentation uncertainties, model configura­
tion uncertainties including tunnel-model support interference uncertainties 
and Reynolds number effects. 
1-2
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WIND TUNNEL MODEL


The wind tunnel model was a 0.01 scale space shuttle launch vehicle con­

figuration. The wind tunnel model is designated - 75 OTS.Configuration 140C 
(modified) Jet - Plume Integrated Space Shuttle Vehicle. The orbiter model was 
the 140C model configuration which generally represents the OV0 orbiter mold 
lines. The OV102 mold lines have significant-differences in the canopy contour, 
the wing section near the glove-wing fairing, and the elevon contour. Details 
of the model configuration can be obtained from the pretest report (reference 
1).


The model was strut mounted as shown in Figure 2-1. Cold air was supplied


through the strut to the SSME and SRB nozzles. An air supply strut was mounted


between the ET and orbiter to supply air to the simulated SSNE nozzles as shown


in Figure 2-2. The SSME nozzles were conical with an exit plane lip angle of


11.0 degrees. The SRB nozzles were conical with a lip angle of 27.5 degrees.


Schmatics of the SSME and SRB nozzle internal contour are presented in Figures


and 2-4. Calibration data for the nozzles are presented in Section IV. Detailf


of the model configuration can be obtained from the pretest report (reference 1)


A partial right orbiter wing was strain-gage instrumented to obtain wing


shear forces, root bending moments and torsion moments. The inboard and out­

board elevons on the left wing were also separately strain-gage instrumented


to obtain hinge moments. All base, nozzle, and portions of each element fore­

body were pressure instrumented.
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Figure 2-1. WIND TUNNEL MODEL INSTALLATION PHOTOGRAPH - IA138 TEST 
_____ 
ic 
I87
_ 
Figure 2-3. SSME NOZZLE (N


---------- _


Figure 2-4. SRM NOZZLE (N..)
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REPRODUCIBIITY OF mHl 
TEST CONDITIONS ORIGINAL PAGE IS POOR 
The IA138 wind tunnel test program was essentially conducted in two parts.


Part one was a power variation test at zero attitude, where chamber pressure


of the MPS and SRB model nozzles was varied. Part two was a test program at a


nominal power level that included testing the model at various elevon deflec­

tions and attitudes.


Base'pressure data, from the power variation test (Part 1), was evaluated


at the test site along with prototype plume characteristics to evaluate the


nominal model nozzle plume characteristics and model chamber pressures. (See


Section V for plume simulation discussion). These tests were conducted at zero 
angle of attack and zero angle of sideslip. Tests were conducted for a series 
of Mach numbers from 1.55 to 2.5. 
Part 2 of the test program consisted of testing the model using the


nominal power levels developed in Part 1 over a range of attitudes and


elevon deflections. Data were obtained at nominal angles of attack of -8,


-6, -4, 0, and +4 degrees. The angles of sideslip were nominally 0, and +4


degrees.


The data analysis procedure required a power-on and a power-off run


sequence. The power-on data was required to obtain the power-on base pressure
 

environments. The power-off data is used to evaluate the influence of power on


changes in local pressure environments for use in the analysis of forebody


plume induced aerodynamic characteristics. The development of the plume


induced aerodynamic characteristics also required testing at positive and


negative sideslip angles, since portions of the model had pressure instrumenta­

tion on only one side of the model. Thus four sets of test data were required


to develop the plume induced aerodynamic data. The power-on and power-off run


data sets used for analysis are presented in Tables 3-1 through 3-4, These


tables show the angle of sideslip schedule and the elevpn deflection run sets
 

for each Mach number. The run numbers are arranged in terms of the model


configuration at nominal power levels (elevon deflection), then the power


variation run numbers.
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Each power run number has a sequence slash number that denotes a particula


MPS and SRB power level. Figures 3-1 through 3-4 show the power level for each


power run-sequence combination. The square shows the nominal power value used


for the testing of the-various elevon settings.


Tests were conducted at various elevon deflections corresponding to


Schedule 6 and probable variations about schedule 6. Schedule 6 elevon deflec­

tions are presented in Figure 3-5. Plots of the various inboard and outboard


elevon deflection angles evaluated during the test.along with the nominal


schedule 6 value are presented in Figures 3-6 through 3-9. The elevon deflect


tion closest to schedule 6 that was used to develop the plume induced aerodynam


data base is shown in each figure.
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Table 3-1 
IA138. 
POWER ON-OFF DATA SETS (M=1.55) 
SRB/SSME 
POWER 
-4 
0 
0 +4 6E/8 
E-I/EG 
GIM 
C 
C 
NN 
OF OF 
35 
31 
36 
32 
37 
33 
10/-2­
101-2 
N 
N 
C 
C 
NN 
OF OF 
82 
77 
81 
78 
80 
79 
10/-7 
10/-7 
N 
N 
C 
C 
NN 
OF OF 
96 
101 
97 
100 
98 
99 
12/L2 
12/-2 
N 
N 
C 
C 
NN 
OF OF 
133 
130 
132 
129 
131 
128 
12/-7 
12/-7 
N 
N 
C 
C 
NN 
OF OF 
147 
142 
146 
143 
145 
144 
8/-7 
8/-7 
N 
N 
A NN . 
OF OF 
154 4/-5 N 
C 
C 
NN 
OF OF 
177 
176 
178 
175 
179 
174 
8/-2 
8/-2 
N 
N 
POWER 
0 
0 
OF OF 
NIV 
N2V 
N3V 
N4VN5V 
32/5 
17 
18 
19 
2021 
10/-2 
10/-2 N 
N = CONSTANT 
V = VARIABLE 
OF = OFF 
A.) 
B.) 
C.) 
a = -6, -4,0,+4, +6 
0 = -4, 0, +4 
a = -8, -6, -4,0,+4 
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Table 3-2 
IA1 38 
POWER ON-OFF DATA SETS (M=] .80) 
SRB/SSMEPOWER -4 0 +4 " EI'EO GIM' 
-A 
A 
NN 
OF OF 
63 
58 
62 
59 
61 
60 
10/-5 
10/-5 
N 
N 
C 
C 
NN 
OF OF 
38 
43 
39 
42 
40 
41 
10/-2 
10/-2 
N 
N' 
A 
A 
NN 
OF OF 
83 
"88 
84 
87 
85 
86 
10/-7 
10/-7-
N 
N 
C 
C 
NN 
OF OF 
107 
102 
106 
103 
1O5 
104 
12/-2 
12/-2 
N 
N 
A 
A 
NN 
OF OF 
134 
139 
135 
138 
136 
137 
12/-7 
12/-7 
N 
N 
A 
A 
NN 
OF OF 
148 
153 
149 
152 
150 
151 
12/-5 
12/-5. 
N' 
N 
A 
A 
NN 
OF OF 
155 
160 
156 
159 
157 
158 
4/-5 
4/-5 
N' 
N 
0 
0 
OF OF 
N1V 
N2V 
N3VN4V
N5V 
POWER 
42/3 
22 
23 
242526 
10/-2 
10/-2 
N 
N 
N = CONSTANT 
V = VARIABLE 
OF = OFF 
A.) 
B.) 
C.-) 
a = -6, -4, 0, +4, +6 
= -4, 0, +4 
= -8, -6, -4, 0, +4 
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Table- 3-3 
IA1 38 
POWER ON-OFF DATA SETS (M =2.20) 
aPOWER 
SRB/SSME -4
-El/EO 0 +4 GIM 
A 
A 
NN 
OF OF 
166 
161 
165 
162 
164 
163 
4/-5 
.4/-5 
N 
N 
A 
A 
NN 
OF OF 
64 
69 
65 
68 
66 
67 
-10/-5 
1'0/-5 
N 
N 
A 
A 
NN 
OF OF 
94 
89 
93 
90 
92 
91 
10/-7 
10/-7 -N 
A 
A 
NN 
OF OF 
126 
121 
125 
122 
124 
123 
4/-2 
4/-2 
N 
N 
A 
A 
NN 
OF OF 
44 
49 
45 
48 
46 
47 
10/-2 
10/-2 -N 
N 
A 
A 
NN 
OF OF 
186 
181 
185 
182 
184 
183 
O/-5. 
O/-5 
N 
N 
A 
A 
NN 
OF OF 
194 
199 
195 
198 
196 
197 
4/-7 
4/-7 
N 
N 
-A 
A 
NN 
OF OF 
214 
209 
213 
210 
212­
211 
0/-2 
0/-2 -
N 
N 
POWER' 
0 
OV 
OV 
OF OF 
NIV 
N2V 
N3V 
N4V 
V N1 
V N2 
N3 
N4 
48/3 
10 
11 
12 
14 
27 
28 
210/3 
215 
216 
10/-2 
\ 
10/-2 
0/-2 
0/-2 
N 
I 
1 
N 
N 
N 
N = CONSTANT 
V = VARIABLE 
OF = OFF 
A.) 
B.) 
C.) 
-6, -4, 0, +4, +6 
o= -4, 0, +4 
a = -8, -6, -4, 0, +4 
3-14, 
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Table 3-4 
IA138 
POWER'ON-OFF DATA SETS (M.=2.50) 
SRB/SSME 
POWER 
-4 0 "+4 EI/SE0 GIM 
_EI/_EO 
A 
A 
NN 
OF OF 
217 
222 
218 
221 
219 
220 
0/-2 
0/-2 
'N 
N 
A 
A 
NN 
OF OF 
187 
192 
188 
191 
189 
190 
0/-5 
0/-5 
N 
N 
A 
A 
NN 
OF OF 
75 
70, 
74 
71 
73 
72 
10/-5 
10/-5 
N 
N 
A 
A 
NN 
OF OF 
113 
108 
112' 
109 
111 
110 
4/+2­
4/+2 
N 
N 
A 
A 
NN 
OF OF 
1-1.5 
120 
116 
11.9 
.117 
118 
4/-2 
4/-2 
N 
N 
A 
A 
NN 
OF OF 
167 
172 
168 
171 
169 
170 
4/-5 
4/-5 f 
N 
N 
A 
A 
NN 
.OF OF 
224 
229 
225 
228 
226 
227 
10/+2 
10/+2 
N 
N 
A 
A 
NN 
OF OF 
55 
50 
54 
51 
53 
52 
10/-2 
10/-2 
N 
N 
A 
A 
NN 
OF OF 
206 
201 
205 
202 
POWER 
204 
203 
0/+2 
0/+2 
N 
N 
0 
0 
!!N4V 
,N5V 
OF OF 
NIV 
N2V
N3V 
VV N1N2 
51/3 
5 
6 
7 
8 
9 
2930 
10/-2 
10/-2 
N 
N 
N = 
V = 
OF = 
CONSTANT 
VARIABLE 
OFF 
A.) 
B.) 
C.) 
a 
0 
a 
= 
-6, -4, 0, +4, +6 
= 
-4, 0, +4 
= -8, -6, -4, 0, +4 
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Section IV


WIND TUNNEL MODEL NOZZLE CALI-BRATION ANALYSIS


An analysis of the model nozzle calibration data was performed to determi


nozzle flow characteristics for the evaluation of model power levels. A range


of model power levels were required for the power level variation portion of


the test. Model nozzle wall pressures-ad exit plane pressures were plotted


and compared with MOC results to evaluate the nozzle flow characteristics and


to evaluate chamber to exit pressure ratios. The chamber to exit pressure


ratios were required to evaluate the model plume characteristics.-

The IA138 test program used a 1% conical SSME nozzle configuration and


a 1% conical SRB nozzle configuration. The nozzle internal contours are shown


in Figures 2-3 and 2-4 of Section II. The nozzle calibratibn data and


instrumentation layout was obtained from referetces 2 through 7.


Summary post test and pre test model nozzle performance data are presente


in Figures 4-1 and 4-2 for the SSME model nozzles and the SRB model nozzles


respectively. The average chamber to exit plane pressure for the model SSME


nozzle was approximately 265. The average chamber to exit plane pressure


for the SRB nozzle was approximately 78.


The SSME nozzle calibration data is compared with MOC results in Figures


4-3 through 4-8. The range of chamber to exit plane pressure ratios is from
 

240 to 320 which covers the post test results.


A potential problem with the SSME nozzle performance was a change in


chamber to exit plane pressure ratio that occurred during the test. The per­

formance of the SSME nozzle versus run sequence is shown in Figure 4-9.


The difference in performance of the SSME nozzles is evident by comparing the


values of Pc/Pe for run sequences 10 through 14 obtained early in the test


program with run sequences 27 and 28 which occurred toward the end of the test


program. The-early runs have an average Pc/pe of approximately 275 while the
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later runs have an average P /P near 260. A comparison of the measured


c e


exit plane pressure from several runs is presented in Figure 4-10. This


figure shows that the exit plane pressure from several of the early runs at


Mach 2.2 was potentially low. The accuracy of the exit plane pressure is


estimated to be approximately +.05 PSI. This accuracy range covers a iarge


portion of the variation, but does not explain the consistency of the change


from the early Mach 2.2 runs and the late Mach 2.2 runs shown in Figure 4-9.


The SRB nozzle calibration data is compared with MOC results in Figures


4-11 and 4-12. The SRB nozzle chamber to exit plane pressure ratio from


the calibration test was approximately 60 which is lower than the post test


result of approximately 75 shown in Figure 4-2. The reason for this difference


is unknown.
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Section V


PLUME SIMULATION


The Space Shuttle plumes were simulated using cold air flowing through


model nozzles. The modUl plume characteristics required to develop


base and forebody pressure environments were determined using an iteration


procedure requiring the development of "PROTOTYPE POSSIBILITY CURVES".


Prototype possibility curves are curves of base pressure or base pressure
 

coefficient versus prototype plume characteristics. An example prototype


possibility curve is shown in Figure 5-1. The curve is called possibility


curve since it is developed for a range of possible prototype base pressure


environments. These curves were developed prior to the wind tunnel test for


both the SSME and SRB prototype nozzles. The SSME possibility curves were


developed using possible orbiter base pressure coefficients and the SRB possi­

bility curves were developed using SRB possible base pressure environments.


During the power level portion of the test, model base pressure data are plotted


on the prototype possibility curves as shown in Figure 5-1. The model power


level is determined where the model pressure curve crosses the prototype pres­

sure curve. An iteration procedure is used when there are two variables


involved that influence the base pressure, i.e.'SSME power level and SRB power


level. The possibility curves and the model pressure data used to determine the


nominal power levels at each Mach number are presented in the Appendix.


The form of the plume simulation equation used during the 1A138 test


program was the following (reference 8)


N N OfODUCWlhr
11 J PROT. = j MODEL OfltINA T , PAG is pOOR 
where N is a function of Mach number. A plot of N versus Mach number is shown


in Figure 5-2 and was obtained from reference 9. This curve was developed by


correlating the base pressure in the near field and- the fat field developed


from cold gas air and CF4 plumes. The plume induced near field and far field


areas considered are shown in Figure 5-3. The model configurations used were


single body single nozzle, single body triple nozzle and triple body configura­

tions. The triple body configuration was similar to the ET-SRB space shuttle
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configuration. The band on the curve represents the range of N for the various


models used in the plume technology test (i.e., single body, triple body, etc.)


The criteria used for correlation of the plume technology data was that the


same base pressure occur for a five percent or less change in similarity


parameter. The band represents the total spread of N for the various .model and


nozzle configurations considered in the plume technology program.


Recent analysis (Reference 10) has identified a new similarity paramter


that has the functional form


M.6.
ii 
f (MX) g(y) 
where f, g appear to depend weakly upon M and configuration.


The functions f and g have been defined for several model configurations and


Mach numbers. The form of the various,base pressure correlation parameters is


presented in Table 5-1. These new similarity parameters, namely 
M4.6. M.5. M-­
( 1 1](.25)y ' (.25)j (.5) , adand - have been,tabulated on the data 
pages along with the value of 6y.N (see Section VII).


The similarity parameter 6.y. requires the development of "PROTOTYPE POS-

SIBILITY CURVES" using prototype MPS and SRB plume characteristics. The 6.


and y. characteristics of the MPS and SRB plumes used to develop the prototype


similarity parameters are presented-in Figures 5-4 through 5-6. The "PROTOTYPE


POSSIBILITY CURVES" are presented in the appendix.


The prototype plume characteristics are a function of the motor chamber


pressure and altitude and are therefore dependent on the ascent trajectory. 'Th,


3A ascent trajectory characteristics were,used as a reference trajectory.


The ascent trajectory characteristics that influence the prototype plume


characteristics are presented in Table 5-2.
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Table 5-1 
CORRELATION PARAMETERS MD 
czao 
CONFIGURATION 
SINGLE BODYTRIPLE NOZZLE TRIPLE BODY 
rn 
0I 
0 
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25 
MEX yj 
M.6. 
M0.25 
MEX Yj 
0 
mEX Yj mEX Yj, 

iM.6. r..­
j­

,0.25
EX j EEX 

M.a. 

J

"j 

E'-D


C--oTable 5-2

In 
ASCENT TRAJECTORY AND SRB - SSME CHAMBER PRESSURE


TIME MACH NO. P (PSIA) q.(PSF) PCSRB(PSIA) SSME PERCENT THROTTLE %


66.0 1.55 2.66 648.0 613 109


72.0 1.80 1.90 621.0 630 109


C 
80.0 2.20 1.09 533.0 637 109


86.0 2.50 0.69 443.0 600 109
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Section VI


DATA ANALYSIS


Various computer codes were used to analyze the IA138 data. These


programs are: 1. SORT program, 2. Power Delta program, and 3. Plume Integra­

tion. A brief discussion of each of these programs is presented below.


SORT PROGRAM


The SORT Program was used to sort the run and sequence data sets into


basic groups of four. The four run groups consist of +8 power-on, +8 power-off,


-$ power-on and -8 power off. The four run data sets were arranged in angle


of attack sets of -8, -6, -4, 0, +4, +6 degrees. Flags were set to note a, 8,


Mach, gimbal and configuration incompatibility of the four run sets. (See


Tables 3-1 through 3-4 Section III).


The following tolerances were put on the data sets to check compatibility.
 

VARIABLE TOLERANCE 
MACH .03 
a .25 
8 .25 
Sign 
Gimbal #0 
CONFIGURATION NO. DO NOT AGREE
 

RUN NUMBER/SEQUENCE OUT OF PLACE


6INB +.25


SOUT +.25


The SORT program proved very useful in identifying errors in the post test


ru schedule and differences between the power-on-and power-off model


attitude.


POWER DELTA PROGRAM


The Power Delta program was used to evaluate the change in the pressure


data due to power. The program lists all.data from the power on run and all
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data from the power off run and then subtracts the two data sets and lists


the power delta's. This allows a rapid survey of the powerdelta's for abnormal


numbers and a reference to the power on run and power off run 'to determine the


error source.


PLUME INDUCED PRESSURE INTEGRATION


The IA-119 Plume Integration Program was modified and used as the main tool


to analyze the IA138 pressure data. This computer program was .developed specif­

ically to analyze the IA119 pressure data and was used to integrate the pressure


data to obtain base and -forebody plume induced aerodynamic loads and moments. The


computer program was developed to analyze four run sequences of positive and


negative $ sets. This operation is required since portions of the model


have pressure data on only one side. Thus, to analyze the effects of sideslip


required the evaluation.of +,and -8 runs. An example of a four run data-set


used for analysis at Mach 1.55 would be run sets 37, 33, 35 and 31. These four


sets are shown at -the top of Table 3-1 as positive and negative sideslip


data sets for elevon deflections of 10/-2 and nominal nozzle gimbal angles.


Both power-on and power-off data sets are required since a portion of the plume


induced data uses power on pressure coefficients while other portions require


only the change in pressure coefficient due to power.


The analysis of the plume induced aerodynamic characteristics was performed


using different pressure data over different portions of the vehicle. This type


of analysis was required because of the unique configuration of the Space Shuttle


and the model configurations used to obtain the forebody aerodynamic charac­

teristics. The two types of pressure data used for analysis are: 1) The power
 

on C 's for nominal SSME and SRB model power settings; and 2) The power delta


p


CP's where A 
 PPower on 
 PPower off


PPower


The power on C 's were used to evaluate the power-on base forces and
p


moments. The power delta C 's were used to evaluate the change in forebody
p


aerodynamic characteristics. The location on the Space Shuttle vehicle where


the different types of pressure data were used is shown in Figure 6-1.


Following is a brief discussion of the analysis technique used to evaluate


the plume induced aerodynamic characteristics.
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ORBITER ANALYSIS
 

BASE


A photograph of the IA138 model orbiter base is shown in Figure 6-2. The


orbiter base includes the base plate, upper body flap area; and SSME nozzle


bells. The lower portions of the dMS pods are also included in the orbiter


base.


A complex base pressure integration procedure was used to develop base


force and moment coefficients. The base pressure coefficients were integrated


over the base areas and nozzles to determine base axial force coefficients.


The nozzle configuration corresponded to the prototype external nozzle contour,


not the model external contour. The rationale used was that the external


model contour was sufficiently scaled to develop the base pressure environment,


but not of the correct shape for the integration of the pressures to determine


nozzle axial forces. A schematic of the SSME model and prototype nozzle


configurations is shown in Figure 6-3.


A different technique was used for the determination of nozzle normal


forces and pitching moments. The Space Shuttle forebody aerodynamic characteri


tics include power-off nozzle forces and moments. Thus, only the power delta


forces and moment on the nozzles are included. The model nozzle configuration


was used to develop the nozzle forces and moments since the normal forces and


moments are developed near the exit plane where model nozzle geometric


similitude is the best. The SSME nozzle hinge moments were not determined.


The SSME instrumentation layout is shown in Figure 6-4. The SSME tap­

line-item and effective axial nozzle area is presented in Tables 6-1 through


6-3.


The orbiter base plate pressure instrumentation locations are shown in


Figure 6-5. The base plate orifice, tap-line-items numbers, vertical locations


and areas used to analyze the base plate are presented in Table 6-4. A


schematic showing the relative area size assigned to each pressure is shown


in Figure 6-6. The base plate total area was checked from several drawings as


noted at the bottom of the tables.
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OMS PODS


The OMS pods were analyzed using the effective areas and orientation as,


shown in Figure 6-7. Since only one OMS pod was instrumented, the effective


area is for both pods. The base pressures were averaged at + and - 8 angle


for a 8 run. Close-proximity orbiter base plate pressures were used for the


pod overhang areas.


BODY FLAP
 

The orbiter body flap instrumentation is shown in Figure 6-8. The


effective areas are presented in Table 6-5. Only the upper.portion of the body


flap is included as part of the orbiter base.


ORBITER FOREBODY


The orbiter forebody pressure instrumentation layout is shown in Figure


6-9. The forebody plume induced aerodynamic characteristics were evaluated


using the power delta C 's. Radial ring locations are presented in Table 6-6.


p


WING AND ELEVONS


The gaged wing and elevon arrangement is shown in Figure 6-10. A


partial right wing was instrumented to.measure wing shear, and root bending


and torsion moments. Gaged inboard and outboard elevons were located on the
 

left wing. The elevons were instrumdnted to measure elevon hinge moments. The


sign convention used for the wing and elevon plume induced aerodynamic charac­

teristics is presented in Figure 6-11.


SRB BASE


The SRB nozzle instrumentation layout is shown in Figure 6-12. The proto­

type nozzle configuration was used to determine external aerodynamic loads.


The nozzle configuration used is shown in Figure 6-13. The nozzle pressure


integration was terminated at the compliance ring shown in Figure 6-14. The


nozzle axial areas assigned to each .pressure location is presented in Table


6-7.


SRB FOREBODY


The SRB forebody instrumentation layout is shown in Figure 6-15 and the


pressure integration area layout in Table 6-8. No consistent trend in
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power-delta pressure could be determined except on-the skirt. Thus only the


skirt area was used to determine power-induced forebody.aerodynamic charac­

teristics.


ET BASE


The ET base instrumentation layout is shown in Figure 6-16. The area


assignment is presented in Table 6-9. The area assignments were determined


by plotting the ET base pressures and determining pressure contours for


selected Mach numbers. The areas were then evaluated using the base pressure


contours.


The results of integration of the base pressure and the forebody power


delta pressures have been listed in a special format which is discussed in


Section VII. Reference areas, lengths, and moment reference locations used


for all aerodynamic characteristics are presented in Table 6-10.
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Table 6-1. SSME #1 PRESSURE INSTRUMENTATION LOCATION AND AREAS


SSME #1 
NOZZLE 2 
X/D ORIFICE TAP LINE ITEM AXIAL AREA -FT 
31 0' 1 8 17 .287 
32 30 1 9 1 .287 
33 60 1 9 2 .287 
34 90 1 9 3 .287 
35 120 1 9 4 .287 
36 150 1 9 5 .287 
.058 37 180 1 9 6 .287 
38 210 1 9 7 .287 
39 240 1 9 8 .287 
40 270 1 9 9 .287 
41 300 1 9 10 .287 
42 330 1 9 11 .287 
43" 0 1 9 12 1.11k 
44 30 1 9 13 1.11 
45 60 1 9 14 1.11 
46 90 1 9 15 1.11 
47 120 1 9 16 1.11 
.32 48 150 1 9 17 1.11 
49 180 1, 10 1 1.]] 
50 210 1, 10 2 1.11 
51 240 1 10 3 1.11 
52 270 1 10 4 1.11 
53 300 1 10 5 1.11 
54 330 1 10 6 1.11 
55 0 1 9 12 2.133 
56 30 1 10 8 2.133 
57 60 1 10 9 2.133 
58 90 1 10 10 2.133 
'59 120 1 10 11 2.133 
60 150 1 10 12 2.133 
.58 61 180 1 10 1 2.133 
62 210 1 10 14 2.133 
63 240 1 10 15 2.133 
64 270 11 10 4 2.132. 
65 300 1 10 17 2.132 
66 330 1 1I1 -1 2.132 
TOTAL 42t357 
REP~onUO 
. OFrORIIA LPAGE ISp 
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Table 6-2. SSME #2 PRESSURE INSTRUMENTATION LOCATION AND AREAS


XID ORIFICE e 
71 .30 
 
31 90 
 
73 150 
 
74 210 
 
.058 	 75 240 
 
76 270 
 
77 300 
 
78 330 
 
79 30 
 
43 90 
 
81 150 
 
82 210 
 
.32 83 240 
 
84 270 
 
85 . 300 
86 330 
79 30 
 
43 90 
 
81. 150 
 
.58' 	 90 210 
 
91 240 
 
92 270 
 
93 300 
 
1 94 330 
SSME #2


TAP LINE ITEM 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
-2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
2 
 
'2 
 
2 
 
2 
 
13 
 
8 
 
13 
 
14 
 
14 
 
14 
 
14 
 
14 
 
14 
 
9 
 
14 
 
14 
 
14 
 
14 
 
14 
 
14 
 
14 
 
9 
 
14 
 
14 
 
14 
 
14 
 
14 
 
14 
 
16-

17 
 
17 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
 
12 
 
7 
 
8 
 
9 
 
10 
 
11 
 
12 
 
6 
 
12 
 
7 
 
13 
 
14 
 
15 
 
16 
 
17 
 
TOTAL 
 
NOZZLE. 2 
AXIAL AREA - FT 
.574 
.574 
.574 
.431 
.287 
.287 
.287 
.431 
2.22 
2.22 
2.22­
1.66 
1.11 
1.11 
1.11 
1.66 
4.266 
4.266 
4.266­
3.2 
2.133 
2.133 
2.133 
3.2 
42.352 
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Table 6-3.. SSME #3 PRESSURE INSTRUMENTATION LOCATION AND AREAS


SSME #3 
NOZZLE 2 
X/D. ORIFICE o TAP LINE ITEM AXIAL AREA FT 
71 30 3 13 16 ,574 
31 90 3 8 17 .574 
73 150 3 13 17 .574 
-74 .210 3 14 1 .431 
.058 75 240 3 14 2 .287 
76 270 3 14 3 .287 
77 300 3 14 4 .287­
78 330­ 3 14 5 .431 
79 30. 3 14 6 2.22 
43 90 3 9 12 2.22 
81 150 -3 14 7 2.22 
82 210 3 14 8 1.66 
.32 83 240 3 14 9 1.11 
84 270 3 14 10 1.11 
85 300 3 14 11 1.11 
1 86 330 3 14 12 1.66 
79 30 3 14 6 4.266 
43 90 3 '9 12" 4.266 
81 150 3 14 7 4.266­
.58 90 210 3 14 13 3.2 
91 240 3 14 14 2.133 
92 270 3 14 15 2.133 
93, 300 3 .14 16 2.133 
94 330 3 14 17 3.2 
TOTAL 42.352 
REPRODUCIBILITY OF Lfl 
ORIGINAL PAGE IS POOR 
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Table 6-4. ORBITER BASE PLATE PRESSURE INSTRUMENTATION LOCATION AND AREAS-

BASE


SURFACE BASE NORMAL


ORIFICE. .LINE ITEM Z AREA AREA


301 7 9 532.0 3.25 2.298


302 6 9 498.7 8.11 7.795


304 6 10 394.0 9'.645 9.395


305. 6 11 376.0 13.395 13.190


306 6 12 323.2 8.78 8.645


307 6 13 302.0 4.77 4.698


313 7 3 406.7 6.05 5.815


315 7 4 415.0 7.58 7.286


316 7 5 376.0 16.24 15.984


318 7 6 302.0 5.28 5.199


325 6 14 302.0 8.53 8.400


326 6 15 407.0 8.60 8.266


327 6 16 488.0 8.60 8.266


329 6 17 422.0 11.83 11.361


330 7 1 463.0 6.31 6.065


331 7 7 302.0 9.84 9.690


334 7 8 340.0 14.51 14.284


TOTAL X 2 302.64 293.27


AREA COMPARISON MINUS A301 -6.50 -4.60


296.14 288.67


PLUS NOZZLE +11.5 +11.2


BASE PLATE


PENETRATION


TOTAL 307.64 299.87


ORBITER BASE DRWG (RI RS009150) 308.3 301.0


FT2

IA119 MODEL DRWG(SSAO261) 306.3 299.014 

REPRODUCEIBITY OF TH 
6-25 ORIGINAL PAGE IS. POOR 
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Table 6-5. ORBITER UPPER BODY FLAP PRESSURE INSTRUMENTATION LOCATION AND AREAS


ORIFICE LINE ITEM X A - FT
2 
405 7 14 1288.0 3.0 
406 7 15 1312.3 26.0 
407­ 7 16 1344.7 21.0 
408 7 17 1373.0 5.0 
413 '8 5 1288.0 5.5 
414 '8 6 1213.3 9.0 
415 8 7 1344.7 15.0 
416 8 8 1373.0 7.0 
-437 8 13 1288.0 3.0 
438 8­ 14 1312.3 26.0 
439 8 15 1344.7 21.0 
440 8 16 1373.0 5.0 
EA 146.5 
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Table 6-6. ORBITER FOREBODY AND OMS POD INSTRUMENTATION LOCATION


ORIFICE LINE ITEM AREA X Y e 
222 5 7 29.69 894.0 0.0 0.0 
222 5 7 62.94 894.0 50.0 0.0 
223 5 8 35.62 894.0 106.0 0.0 
224 5 9 58.90 894.0 298.2 90.0 
225 5 10 39.54 894.0 336.5 90.0 
226 5 11 34.62 894.0 364.8 94.9 
227 5 12 35.92 894.0 394.7 118.4 
228 5 13 35.15 894.0 414.9 146.2 
229 5 14 33.07 894.0 427.2 159.4 
230 5 15 31.47 894.0 434.3 169.7 
231 5 16 15.44 894.0 436.9 180.0 
173 4 1 26.13 1065.0 0.0 0.0 
223 5 17 55.39 1065.0 50.6 0.0 
174 4 2 32.48 1065.0 105.4 0.0 
175 4 3 61.43 1065.0 298.2 90.0 
1'76 4 4 34.75 1065.0 336.5 90.0 
177 4 5 30.67 1065.0 364.7 94.4 
178 4 6 31.88 1065.0 394.7 118.8 
179 4 7 30.96 1065.0 414.9 145.8 
180 4 8 29,.13 1065.0 427.2 -159.2 
234 6 1 27.70 1065.0 434.3 169.3 
181 4 9 13.59 1065.0 435.9 180.0 
194 4 10 25.17 1195.0 0.0 0.0 
236 6 2 56.04 1195.0 48.6 0.0 
195 4 11 41.94 1195.0 109.9 0.0 
196 4 12 88.86 1195.0 294.0 90.0 
197 4 13 36.00 1195.0 336.5 90.0 
198 4 14 54.38 1195.0 372.1 45.0 
199 4 15 45.06 1195.0 419.2 135.0 
200 4 16 42.80 1195.0 449.8 135.0 
201 4 17 49.09, 1195.0 473.8 180.0 
202 5 1 42.29 1195.0 451.0 225.0 
214 5 2 6.25 1294.0 373.2 45.0 
215 5 3 6.25 1294.0 396.4 110.0 
216 5 4 15.62 1294.0 390.5 225.0 
217 5 5 6:25' 1294.0 422.3 290.0 
401 8 1 8.5 1288.0 0.0 0.0 
433 8 9 9.0 1288.0 88.0 0.0 
410 8 2 13.0 1313.2 0.0 0.0 
434 8 10 12.0 1313.2 88.0 0.0 
411 8 3 8.0 1345.6 0.0 0.0 
435 8 11 9.0 1345.6 88.0 0.0 
412 8 4 16.0 1373.95 0.0 0.0 
436 8 12 8.0 1373.95 88.0 0.0 
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Table 6-7. LEFT SRB NOZZLE PRESSURE INSTRUMENTATION LOCATION AND AREAS


ORIFICE
___
X/D 
___ ____ ___ __ 
LINE
__ ___ 
ITEM 	 AXIAL AREA 2  e 	 ___ NOZZ E - FT
2405 0 16 7 .767


2406 30, 16 8 :767


2407 60 16 9 .767


2408 90 16 10 .767


2409 120 16 1I .767


-.256 	 2410 150 16 12 .767


2411 180 16 13 .767


2412 210 16 14 .767


2413 240 16 15 .767


2414 270 16 16 .767


2415 300 16 17 .767


2416 330 17 1 .767


2417 0 17 2 1.01


2418 30 17 3 1.52


2420 90 17 5 1.52


2421 120 17 6 1.01


2422 150 17 7 1.01


.135 2423 180 17 8' 1.01


2424 210 17 9 1.01


2425 240 -17 10 1.01


2426 270. 17 11 1.01


2427 300 17 12 1.01


2428 330 17 13 1.01


2429 0 17 14 .582


2430 30 17 15 .582


2431 60 17 16 .582


2432 90 17 17 .582


.015 	 2433 120 18 1 .582


2434 150 18 2 .582


2435 180 18 3 .582


2436 210 18 4 .582


2437 240 18 5 .8733


2439 	 300 18 7 .8733


2440 	 330 18 8 .582


TOTAL 	 28.32
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Table 6-8. LEFT SRB FOREBODY PRESSURE INSTRUMENTATION LOCATION

ORIFICE LINE ITEM X0 .X2 o1
 02

2151 15 9 1397.6 1432.3 0.0 1.5708 
2153 15 10 1397.6 1432.3 1.5708 3.1416 
2155 15 11 1397.6 1432.3 3.1416 4-3197 
2157 15 12 1397.6 1432.3 4.3197 5.1051 
2159 15 13 1397.6 1432.3 5.1051 0.,0 
2161 15 14 1432.3 1467.3 0.0 1.5708 
2163 15 15 1432.3 1467.3 1.5708 3.1416 
2165 15 16 1432.3 1467.3­ 3.1416 4.3197 
2167 15 17 1432.3 1467.3 4.3197 5.1051 
2169 .16 1 1432.3 1467.3 5.1051 0.0 
2171 16 2 1467.3 1487.9 0.0 1.5708 
2173 16 3 1467.3 1487.9 1.5708 3.1416 
2175 16 4 1467.3 1487.9 3.1416 4.3197 
2177 16 5 1467.3 1487.9 4.3197 5.1051 
2179 16 1 1467.3 1487.9 5.1.051 0.0 
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Table 6-9. EXTERNAL TANK BASE PRESSURE INSTRUMENTATION 
% TOTAL AREA % TOTAL AREA 
ORIFICE LINE ITEM AREA FT2 ORIFICE LINE ITEM AREA FT2 
1501 11 8 .0065 3,882 1530 12 8 .6077 4.60 
1502 11 9 .0064 3.82 1531 12 9 .0130 7.764 
1503 11 10 .0095 5.674 1533 12 10 .0130 7.764 
1504 11 11 .0043 2.568 1534 12 11 .0060 3.583 
1505 11 12 .0095 5.674 1535 12 12 .0130 '7.764 
1506 11 13 .0108 6.450 1536 12 13 .0148 8.840 
1507 11 14 .0086 5.136 1537 12 14 .0190 11.34 
1508 11 15 .0095 5.674 1539 12 15 .0135 8.06 
1509 11 16 .0047 2.807 1546 12 8(16) .0565 33.75 
1516 11 17 .0054 3.22 1549 12 17 .0482 28.79 
-1517 12 1 .0072 4.300 1551 13 1 .0334 19.94 
1518 12 2 .0048 2.867 1553 13 2 .0283 16.90 
1519 12 3 .0053 3.165 1563 "13 3 .0576 34.40 
1520 12 4 .0060 3.583 1574 13 4 .0456 27.24 
1521 12 5 .0048 2.867 1575 13 5 .0065 3.882 
1522 12 6 .0054. 3.225 1576 13 6 .0036 2.150 
1523 12 7 .0026 1.583 1577 13 7 .0090 5.375 
zA = 298.65 
TOTAL AREA = 597.30 
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Table 6-10. REFERENCE DIMENSIONS 
FULL 
SCALE 
TOTAL VEHICLE REFERENCE 
DIMENSIONS The moment reference locations 
SREF 202690 ft Total vehicle: XT 976, YT0 , ZT 400 
tREF 1290.3 in. ORB, ET, SRB: XT 976, YTO, ZT 400 
Wing 
Planform area, SREF 2690 ft
2 
MAC, E 474.81 in. 
Span, b 936.68 in. o 
Elevons 
S1REF 
210 ft2 
90.7 in. 
COMPONENTS 
Wing: X 1307, Y 105, Z 288 
Vertical Stabilizer Elevons: Hingeline at Xo13870o 
VRtical StabilizVertical Tail: X 1414.3, Y0 , Zo503 
REF 413.25 ft 0 0 
LREF 199.8 1it5. 
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Section VII 
TEST RESULTS


The results of the integration of the base pressure and fcrebody power


delta's are presented in table form in the Appendix. The output of the Plume


Integration computer program contains all the results of the pressure integra­

tion including base coefficients, forces and moments and forebody coefficient


data from pressure integration along with the gage data.


An example of the printout from a data set is presented below. The


data are arranged in 9 sections. Section 1 presents the run numbers, Mach


number vehicle configuration and attitude. Section 2 presents the nozzle gas


dynamic properties. Section 3 presents the plume gas dynamic similarity


parameters. Section 4 presents the values of parameters used to determine


the similarity parameters. Section 5 presents the results of the pressure


integration over the base of the elements and components. Section 6 presents


the average base pressure coefficient for eadh element. Section 7 presents


the nozzle average base pressure coefficients. Section 8 presents the forebody


data from the gages. Section 9 presents the forebody data from pressure


integration.
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Printouts of each run sequence set is presented in the Appendix. The


data sets are grouped for a constant Mach number. The first data set within


a-Mach group is the power-off runs. The second group contains the variable


power runs. The third group contains the various elevon deflections.


It is noted that there is a difference in the power-on model attitude


and power-off model attitude for a large portion 6f the data sets. It was


thus necessary to evaluate what effect this had on the base forces and


moments and the forebody power deltas. The sensitivity of the base coefficient


was determined by plotting the data versus angle of attack and then estimating


the error due to an angle of attack error. This procedure is only approximate,


but the results showed that the error is less than 2 percent, which is


considered well within the accuracy of the measurements and integration.


technique. Thus the base forces and moments are not considered to be adversely


affected by an attitude difference.


The forebody pressure data was similarly evaluated and was found to not


be adversibly influenced by the attitude error. The wing and elevon power


delta's were evaluated by plotting both the power-off and the power-on gage


data versus angle of attack and then evaluating the power delta at a constant


angle of attack. It was found that the interpolated wing power delta changed


substantially. The interpolated wing power delta was lower than the appendix


value and in some cases substantially lower. The elevon hinge moment power­

delta was similarly evaluated and found to-have about a 10 percent difference


from the tabulated value and the interpolated value.
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Section VIII


BASE MATH MODEL


A math model of the plume induced aerodynamic'characteristics has been


developed which can be used in conjunction with the forebody aerodynamic


characteristics to evaluate the aerodynamic characteristics of the total space


shuttle launch vehicle and each element. Three types of base aerodynamic


characteristics have-been developed. These include 1. SSLV dnd element base


aerodynamic coefficients for Mach numbers of 1.55, 1.80, 2.20, and 2.50,


2. SSLV base forces and moments versus altitude up to 160,000 ft. and 3. SSLV


and element base coefficient tolerances for Mach numbers from 1.55 to 2.50. -T]


math model consists of a description of the base aerodynamic coefficients at a


given Mach number and elevon deflection for various a, a values. Gradients


are provided giving the change in the aerodynamic characteristics with the


primary variable that influences the base flow (inboard elevon deflection).


The base aerodynamic math model is limited to base axial.force, normal


forces and pitching moments. Lateral-directional forces and moments exist on


some base components, but no consistent trend could be identified and thus the


are included in the base tolerance model. Base coefficients and tolerances fo


each element are provided for Mach numbers of 1.55, 1.80, 2.20, and 2.50.


These Mach numbers are compatible with the forebody aerodynamic data base. Th,


base aerodynamic coefficient math model is described by the following equation


Cx. = [Cx.] + [cx.1 6EI] XA6EI


where [Cx. is a 7x7 matrix for a = -6,-4,-2,0,2,4,6


1 aa = -6,-4,-2,0,2,4,6


elevon deflection corresponds to close schedule 6 (Table 8-1)


i = SSLV, ORBITER, ET, LEFT SRB, RIGHT SRB


aCx./3EI Gradient for inboard elevon deflection - function of
E1 Mach number only


i = SSLV, ORBITER, ET
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ASET - Change in inboard elevon deflection from math model value to
 

inboard elevon deflection of interest.


Values of the coefficient [C ] are presented in Tables 8-1 through 8-12
8-1


X.


for each element and the total SSLV vehicle. Values of the coefficient gradie


are presented in Table"8-13.


Base forces and moments have been determined versus altitudd using the


base coefficient math model. The base force math model is for the total


vehicle and uses the following model,


F1 F [IX 0r+~ FaP~n

MALT M + a + Fxad AaE y 8 0Pol


where:


F 0 SSLV base force or moment 
-'function of altitude only 
[F/aa] Gradient for angle of attack - function of altitude only 
[@F/ &E] Gradient for inboard elevon deflection - function of
altitude only


a angle of attack 
ASEI Change in inboard elevon deflection from math model value 
to inboard elevon deflection of interest 
Values of the base axial force, normal force and pitching moment are presented
 

in Tables 8-14 through 8-16. The base force partials are presented in Tables


8-17 through 8-19.


BASE COEFFICIENT TOLERANCES


The base coefficient tolerances are presented in Tables 8-20 and 8-21.


The coefficient'tolerances cover all altitudes and configurations from the bas,


coefficients presented in the math model'to flight data and are to a +3a level


The moment tolerances are considered to be only due to force tolerances. The
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moment tolerance due to the aerodynamic center location uncertainty being a


smaller order of magnitude. The base moment coefficient tolerance equations­

are presented in Table 8-21.


Approximately 60 percent of the orbiter normal force is due to the


orbiter axial force. The orbiter normal force tolerance presented in Table


8-20 was therefore calculated using the orbiter axial force tolerance. The


equation used to determine the normal force tolerance is presented at the


bottom of Table 8-20. The side force coefficient tolerances are due to side


forces that exist on the SSME nozzle bells. Side forces will exist on the


nozzle bells during various gimbal patterns and under angle of sideslip con­

ditions. These side forces also produce yawing moments and rolling moments.


The majority of the lateral-directional tolerances are due to the orbiter.


The base tolerances include contributions due to 1. test instrumentation


uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number


characteristics, 4. Model-tunnel testing uncertainties, 5. Pressure integra­

tion uncertainties and 6. Math model uncertainties. The tolerances thus


cover the uncertainty from the math model to flight data and are to a +3U


level. Each tolerance contribution is assumed independent and therefore the


contributions are combined using the RSS technique.


The model instrumentation contribution includes the accuracy of the


ScanivalveR calculations. The general accuracy is estimated to be C,=+.013


for values of C in the range of +.5. The general uncertainty of the


-P


measured pressure coefficients was assumed to be 3%.


The simulation parameter uncertainty was assumed to be due to an uncer­

tainty in the exponent. The estimated uncertainty in the exponent is shown


in Figure 5-2. The exponent uncertainty was converted to an error in simulati


that generally represented a 10 percent uncertainty in base force coefficients


The Reynolds number-scale uncertainty was obtained using past flight test to


wind-tunnel test results. This factor is a judgement factor and includes the


differences between the Saturn V and Titan 3C flight and wind tunnel data, re­

duced to account for the plume technology program learning curve. This factor
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also includes a hot flow simulationuncertainty factor. The Reynolds number­

scale uncertainty was generally 10% of the nominal base coefficient.


Model configuration uncertainties includes the effect of- the support


stings that will influence the flow field at angles of sideslip along with


uncertainties due to other model configuration inaccuracies that potentially


influence the local flow fields. Uncertainties due to model configuration


similitude were approximately 7% of the nominal force coefficients.


Integration uncertainties include the potential error involved in the


integration technique and represent approximately 3 percent of the nominal


force;.coefficients.


The math model uncertainty includes the -errors of independent variables


in the math model of the base forces and moments. Independent variables not


included in the math model of the base forces'and moments include nozzle


gimbal angle and outboard elevon position.


The technique that was used to develop the SSLV base tolerances was to


correlate the SRB and ET base tolerances and RSS those to the orbiter base


coefficient tolerance. This procedure was used for the base axial force and


normal force coefficients. The SSLV base side force coefficient was obtained


by using the RSS technique for each element.
 

The forebody plume induced aerodynamic characteristics have been developed


in conjunction with the base plume induced aerodynamic characteristics to allow


a complete description of the plume induced characteristics of the Space


Shuttle Launch Vehicle. The forebody plume induced aerodynamic characteristics


are presented in Section IX.


8-4


Table 8-1. M 1 .55 6 10/-2 
BASE AXIAL FORCE COEFFICIENT 5 10 
% SSME POWER = 109% 
ELEMENT t -6 -4 -2 0 2 4 6 
CA-IOL 1.b -6. .0685 e0663 .0642' .0625 .0642 .0663 .0685 
CA-IOL 1.b -4. .0646 .0632 ,0616 .0605 o0616 90632 0646 
CA-AOL 1.b5 -2. .0629 .0616 .0601 .0591 .060*1 .0616 .0629 
CA-IOL 1.b U. .0614 .0602 .0588 .0579 .0588 .0602 .0614 
CA-1OL 1.b 2. .0595 .0583 ,0571 .0561 .0571 .0583 .0595 
CA-1OL 1.5b 4. .0575 .0563 .0553 .0543 .0553 .0563 .0575 
CA-IOL 1.bb 6. .05b7 .0546 .0534 90525 .0534 ,0546 .0557 
CA-ORB Ibb -6. .0191 .0194 .0198 .0202 .0198 .0194 .0191 
CA-Rt3' 1,b -4. .0194 .0197 .0200 .0204 .0200 .0197 .0194 
CA-URB 1.b -2. .019b .0197 .0198 .0200 .0198 .0197 ,0195 
CA-UORB 1~b u. .0196 .0196 .0196 .0196 .0196 .0196 ,0196 
CA-URU 1.5b 2. .0194 ,0193 .0192 .0191 .0192 .0193 .0194 
CA-ORB 1.b 4. 0191 .0189 .0187 .0185 .0187 ;0189 .0191 
CA-URb i.bb 6. 0189 .0186 .0182 .0179 .0182 .0186 .0189 
CA-tT 1.5b -6. .0386 .0368 .0349 .0331 o0349 ,0368 ,0386 
CA-LT 1.b -i. .0365 ,0346 .0326 .0307 ,0326 ,0346 ,0365 
CA-tl I.bb -2 .0363 .0342 0321 .0301 .0321 ,0342 .0363 
CA-LT 1.5b 0. .0361 .0340 .0318 .0297 .0318 .0340 .0361 
CA-tJ 1.b5 2. .0357 .0336 .0315 .0294 .0315 .0336 0357 
CA-Lt 1.bb 4. .0351 .0331 .0312 .0292 .0312 ,0331 *0351 
CA-LT 1.bb 6, .034b .0327 .0309 .0290 .0309 ,0327 .0346 
CA-R 1.b -6. .d6 .0067 .0056 .6046 ,0039 ,0034 90030 
CA-k 1.5b -4. .0072 .0064 .0055 .0047 ,0035 .0025 ,0015 
CA-R l.b -2. .0064 ,0058 ,0051 .0045 .0031 .0019 .0007 
CA-H 1.55 u. .0057 .0052 .0047 .0043 :0027 .0014 .0000 
CA­ 1.bb 2. .00b0 .0046 .0042 .0038 .0022 .0008 -.0006 
CA-k 1.bb . .. 0044 0040 .0037 .0033 .0017 .0003 -.0011 
CA-H 1b ,6 0038 .0035 s00'1 .0028 .0012 -.0002 -;0016 
CA-L 1.bb -be .0030 .0034 ,0039 .0046 ,0056 ,0067 0078 
CA-L 1.b -4. .0015 .0025 .0035 .0047 .0055 .0064 .0072 
CA-L 1.bb -2. ,U007 .0019 .0031 .0045 .0051 .0058 .0064 
CA-L 1.bb 6. ,0000 0014 .0027 .0043 .0047 .0052 .0057 
CA-L 1.b 2. -. 06 .0008 .0022 .0038 .0042 .0046 .0050 
CA-L 1.5 4-. -.0011 .0003 .0017 .0033 "0037 .0040 .0044 
I "fIlin3 tri flffli - -Anon -ffI nfZ1fllfflf 
M = 1.55 6 = 10/-2Table 8-2. 
BASE NORMAL FORCE COEFFICIENT % SSME POWER = 109% 
ELEMENT a -6 -4 -2 0 2 4 6 
o 
CN-IOL 
CN-IOL 
CN -IOL 
CN-IOL 
CN-IOL 
CN-IOL 
C-iOL 
CN-URB 
CN-UO 
CN-LRB 
CN-URI3 
CN-Ui'B 
CI-rORd 
CN-URB 
tN-LT 
CI'frcfcN-Lr 
CN-T 
1.bb 
1.bb 
i. 
lbb 
1.5b 
1.bb 
1.bb 
1.bb 
1.5b 
1.55 
1.5b 
bb 
1.bb 
1.bb 
1.5b 
1.551.55 
1,bb 
-6. 
-4. 
-2.. 
U. 
2.­
4. 
. 
-4. 
2. 
0. 
4. 
6. 
-6. 
4-2. 
-2 
.Ub ,0.135 .0135 
.0139 .0138 .0138 
-.. Qj1 .0138 .0136 
.0141 .0139 .0135 
.0140 .0138 o0137 
.0138 0138 .0138 
.0137 .0138 .0139 
.0131 .0132 .0132 
.0138 .0137 .0136 
.0141 .0138 .0136 
.0143 .0140 .0136 
.014U .0137 .0135 
.0137 .013b .0134 
.0164 .0133 .0132 
.0o000 0000 .0000 
.00001.0 0.0000,o0o0 .0000 .0000 
.U00 .0000 .0000 
,0135 
.0136 
.0133 
.0135 
.0138 
.0140 
.0133 
.0134 
.0134 
.0133 
.0133 
.0132 
o0132 
.0000 
.0000.0000 
.0000 
.0135 .0135 
.0138 .0138 
, .Q136 .0138 
.0135 .0139 
.0137 ,0138 
.0138 .b138 
.0139 .0138 
.0132 .0132 
.0136 .0137 
.0136 .0138 
.0136 .0140 
.0135 s0137 
.0134 .0135 
.0132 .0133 
.0000 .0000 
.000o0.0000.0000 .0000 
.0000 .0000 
.0135 
.0139 
.0141 
.0141 
.0140 
o0138 
.0137 
.0131­
.0138 
.0141 
.0143 
.0140 
.0137 
.0134 
.0000 
.0000.0000 
.0000 
c 
0 
o 
2.. 
H 
CN-LT 
CN-L* 
CN-LTCN-TCr4-N 
CN-K 
CN­
CN-1 
CN-KCN­
1,55 
1.55 
1.5b1.51.55 
1.b 
1.!5 
1.51 bb, 
2. UUOUO .0000 
4. ,uuo .0000 
5. .UOUO .0000N,. .UUU1 .000
-4. ,U.00 .0001 
-4 .0UU .00001 
-. -. 0000 .0000 
2. -. OUo -.0001 
4. *00. 000. 34 ---­.. . ~ _0003 .  
.0000 
.0000 
.0000
.0001
.0001 
00001 
.0000 
-.0001 
.000, 003 
.0000 
.0000 
.0000
.0001
.0001 
.0001 
-0001 
-.0000 
.00303 
.0000 
.0000 
.0000
.0002
.0001 
.00001 
.0000 
.000 
.0001 
.0000 
.0000 
,0000
.00002
.0000 
-0000 
-.0000 
-.0000 
-.0000 
.0000 
.0000 
.0000 
.0003
-0000 
-.0000 
-.0000. 
-.0001 
-.00012 
tu 
CN-I-( 
CN-L 
Cq-L 
CN-L 
CN-L 
CN-L 
C4-L 
Cr'-L 
1.b5 6. .0006 
1.55.- 6. _-0.UO 
lbb -4o -.0000 
i.bb -a. -.0000 
1.5b U. -.0000 
lisb.._'­ . -.0001 
i.5' 4. -. 0002 
l.bS 6. -.0003 
.0005 .0005 
.0002 .0002 
.00000 .0001. 
-.0000 .0000 
-.0000. .0000 
-.0000 .0001 
.,0000 .0001 
-.0000 .0002 
.0004 
90001 
0001 
.0001 
-.0000 
.0001. 
.0003 
.0004 
.0002 
O01.' 
.0000 
-.0001 
.OO1 
.0003 
.0005 
-.0000 
,.001 
.ooi,0001 
.0000 
-.0001 
.0001 
.0003 
.0005 
-.0003 
.001 
.0001 
-.0000 
-.0002 
0001 
.0003 
.0006 
Table 8-3. M = 1.55 a = 10/-2


BASE PITCHING MOMENT COEFFICIENT % SSME POWER = 109%


ELEMENT a -6 4 -2 0 2 4 6 ' 
CM-10L 1.b -6. -.0063 -.0063 -.0063 -.0062 -.0063 -.0063 -.0063 
CM-1OL 1.5b 4. -.0067 -.0065 -.0064 -.0062 -.0064 -.0065 -.0067 
CM-IOL 1.55 -2. -.0067 -.0065 -.0064 -.0062 -.0064 -.0065 -.0067 
CIvfrOL 1.bb U. -.0064 -.0063 -.0061 -.0060 -.0061 -.0063 r,0064 
CM-1OL 1.5b 2. -.0065 -.0065 --.0064 -.0063 -.0064 -o0065 -.0065 
CM-AOL 1.5D 4. -.0065 -.0066 -.0067 -.0068 -.0067 -.0066 -.0065 
CM-IOL l.b 6. -.0065 -.0068 -.0070 -.0071 -,0070 -.0068. -.00650 
CM-URB 1.5b -o. -.0058 -.0059 -.0059 -.0060 -.0059 -.0059 -.0058 
CM-URB 1.5b 4. ---­ 3----.0062 -.0061 -0060 -.0061 -.0062 -. 0063 
CM-URB 1.b -2. -. 0065 -0063 -.0062 -.0060 -.0062 -.0063 -.0065 
CM-ORB 1.55 U. -.0066 -.0064 -.0062 -.0060 -.0062 -.0064 -.0066 
V CM-URb CM-URB 1.bb 1.55 2. -,0064 4. -,0062 -.0063 -.0062 -.0062 -.0062 -.0061 -.0062 -.0062 -.0062 
-.0063 
-,0062 
-*0064 
-.0062 
CfA-URB 1.55 6. -.0060 -.0061 -.0062 -.0063 -.0062 -,0061 -,0060 
CM-LT 1.bb -6. .0000 .0000 .0000 .0000 .0000 .0000 ,0o00 
CM-LT 1.5t -4. .0000 .0000 .0000 .0000 .0000 .0000 .0000 O 
CM-LT 1.55 2. .,0000000 .0000 .0000 .0000 .0000 .0000 
CM-LT' 1.5b 0. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
M-T 
1.5b 
i.5 
2. 
q . 
.0000 .0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000
.0000 .0000.0000 
CM-LT 1.b5 6. ,0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-k 1.S5 -.-. 0002 -.0002 -.0002 -.0001 -.0002 -.0002 -.0003 p 
CM-K 1.5b -4. -.0003 -.0002 -,0002 -.0001 -.0001 -.0001 -,0001 t 
CM-K 1.50 -2. -.0661 -.0001 -.0001 -.0001 -.0001 -.0001 -.0001 5 
CMK 
CM-K 
1.5b 
1.5b 
0. .0002 
2. -.0002 
.0001 
-. 0 
.0001 
-.0001 
.0000 
-.obol 
-.0000 
-.ooo1 
-. 0000 
.0ooo 
.0000 
.0001 
-d'r 
0 
CM-I 
cM­
10Sb 
1.5 
4. -,0005 
. U­8 
-.0004 
-0,007 
-.0004 
-.0006 
-.0003 
-.0004 
-.0001 
-.0002 
.0000 
.0000 
.0002 
.0003 
CM-L 1.5b -6. -.000.3 -.0002 -.0002 -.0001 -.0002 -.0002 -.0002 H 
CM-L 1.55 -4. -.0001 -. O001 -.0001 -.0001 -.0002 -.0002 -.0003 
CM-L 1..55 -2. -.0001 -.0001 _.0001 -.0001 -.0001 -7.0001 -. 0001 0 
CM-L 
CM-L 
1.b!)5OO 
l5b 
00 
2. .o00l 
--0000 
.0000 
-.0000 
-.0001 -.0001 
.00001 
-.0001 
.0001 
-.0002 
.0002 
-.0002 
CM-L 1.ab .... .-­ou002 bdd0 -.0001 -.0003 -.0604 -. 0064 -.0005 
CM-L 1.bb 6. .0003 .0000 -.0002 -.0004 -.ooo6 -.0007 -.0008 
Table 8-4. M = 1.80 6 = 10/-5 
BASE AXIAL FORCE COEFFICIENT % SSME POWER = 109% 
ELEMENT a -6 -4 -2 0 2 4 6 " 
CA-iOL 10.BU -6 .04b7 v0438 .0411 .0383 .0411 .0438 .0467 
CA-IOL 1.8U -4. .0421 .0401 .0382 .0364 .0382 .0401 .0421 
CA-IOL 1.U -2. *U4U6 .0391 .0372 .0355 .0372 .039'1 .0408 
CA-IOL i.81u 0. .0396 .0380 .0361 .0346 "0361 .0380 .0396 
CA-IOL 1.tU 2. *0396 .0378 .0361 .0544 :0361 .0378 .0396 
CA-IOL 1.8U 4. .0394 ,0378 .0361 .0345 .0361 .0378 .0394 0 
CA-IOL 1.8U 6. .0394 .0376 .0360 .0346 .0360 .0376 .0394 
CA-URB 1.5u -b. .0140 .0132 .0125 .0118 .0125 .0132 .0140. -
CA-UR3 iU -4. .0140 .0134 o0128 .0122 .0128 .0134 .0140 
CA-URU 1.,1U -2. .0142 .0138 .0133 .0128 .0133 ,0138 .0142 
Go 
CA-ORB 
CA-ORB5 
1.51 
1.80 
0: 
2. 
.0144 
.0145 
,0141 
.0142 
.0137 
.0139 
.0134 
.0136 
.0137­
.0139 
.0141 
,0142 
.0144 
.0145 
CA-URU 1.bU 4. .0145 .0143 .0140 .0138 .0140 .0143 .0145 
CA-ORB 1.8u 6. .Olb4 .0149 .0145 .0140 .0145 ,0149 .0154 
CA-tT 1.8U -b. .U2ib .0258 .0240 00221 .0240 ,0258 .0276 
CA-T 1,6U -4. .0240 ..0228 .0216 .0204 .0216 .0228 .0240 0, 
CA-Lf 1.8 2.o 0236 .0219 .0204 .0189 .0204 .0219 .0233 
CA-LT 1.8U 0 .0227 .0210 .0192 90174 .0192 .0210 -0227 
CA-LI 1.50 2. .0264 .0216 00193 .0172 .0193 .0213 .0234 
CA-ti 1.80 4. .0240 .0217 .0194 .0171 .0194 ,0217 .0240 
CA-tT 1.8U 6. .0236 .0215 .0194 ,0174 .0194 .0215 90236 t 
CA-K 1.8u -0. . 0041 .0032 .0022 .o014 .oo07 .0 
CA­ 1.8u -. ,004b 00038 .0029 .0019 ,0009 .0001 -.0007. 
CA- 1.8U -2. ,0043 .0035 .0027 .0019 .0008 -.0001 -.0010 )E 
CA-t< 1.6u Ii. .0036 .0032 ,0025 .0019 '0007 -.0003 -.0013 
CA-h 1.8U 2. .0033 .0028 .0023 .0018 .0006 -,0005 -.0016 0 
CA-H 1..u 4. 0029 .0025 .0022 .0018 .0005, -.0007 -.0020 
CA-K 1.6U 6. .060 .0025 .0020 .0016 .0001 -,0013, -,0026 
CA-L 1IdU -! ,POU0 .0007 .0014 *0022 t0032 .Q041­ -.QQ51 
CAL 1.80 -4. -.0007 .0001 ,0009 .0019 .0029 .0038 .0048 
CA-L 180 _2._-.01 - o000o .0008 0019 . 7_ .,Q035 .0043 '" 
CA-L 1.80 U. -. 0013 -00003 ,0007 .0019 .0025 90032 .0038 
CA-L 1.8U­ 2. -. 001 -!Q05 *0006 .0018 .Q03028 .0033 
CA-L 1.bU 4. -. 0020 -,0007 90005 00018 ,0022 .0025 00029 
CA-L 1.80 6. -.0026 -.0013 .0001 *0016 .0020 .0025 ,0030 
Table 8-5. 
BASE NORMAL FORCE COEFFICIENT 
M = 1.80 6 
%SSME POWER = 
= 10/-5:mu
e 10 
109% 
8 
ELEMENT a -6 -4 -2 0 2 4 6 2 
Cj-IOL 
CN--IOL 
CI'rIOL 
1.bU 
1.8U 
1.BU 
-. 
-4. 
-2. 
.0104 
.0105 
.0108 
.0102 
.0102 
.0104 
.0099 
.0099 
.0101 
.0097 
.0096 
.0098 
.0099 
.0099 
.0101 
.0102 
.0102 
.0104 
.0104 
.0105 
.0108 
CN-IOL 
CN-IOL 
CN-IOL 
CiWi-OL 
.6U 
1.8U 
1.8U 
1.6U 
a. 
2. 
4. 
o. 
.0110 
.0110 
.0110 
.0115 
.0106 
.0107 
.0108 
.0114 
.0102 
.0104 
.0105 
.0112 
,0097 
0101 
.0105 
.0112 
.0102 
.­0104 
.0105 
.0112 
.0106 
.0107 
.0108 
.0114 
.'0110 
.0110 
.0110 
.0115 
Cu-ORB 
CN-URBCN-URt3 
1.80 
1#6U1.6U 
-. 
4.
-2. 
.0106 
.0109
.0111 
.0101 
.0103
.0106 
.0096 
.0098
.0101 
.0091 
.0092
.0096 
.0096 
.0098
.0101 
.0101 
.0103
.0106 
.0106' 
.0109
.0111 
CN-RB 1.cu 0. .0112 .0108 .0103 .0099 .0103 .0108 .0112 
CN'-11Rb 
SCN-uRd 
CrNq-R 
CN-LT 
CN-LT 
1.8U 
1.8U 
1.8u 
[.80 
1.bu 
2. 
4. 
b. 
-6. 
-4. 
,0110 
.0108 
.0113 
.0000 
..ooou 
.0107 
.0106 
.0111 
.0000 
.0000 
.0104 
.0104 
,0108 
.0000 
.0000 
.0101 
.0103 
,0106 
.0000 
.0000 
.0104 
.0104 
.0108 
.0000 
.0000 
,0107 
.0106 
.0111 
.0000 
.0000 
.0110 
.0108 
.0113 
.0000 
.0000 ad 
CN-tT 
CN-tT 
CI1-Lr 
cN-Lr 
1.8u 
1.8u 
1.8u 
1r.u 
-2. 
{J. 
2. 
4. 
.0000 
.0000 
.0000 
.O00O 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000. 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 116. 
.0000,0d 
,0000 
.0000 C 
cq-Lr 
CN-K 
1.du 
1.80 
6. 
-6. 
.000 
-.0005 
.0000 
-.0002 
.0000 
.0000 
.0000 
.0003 
.0000 
.0003 
.0000 
.oo03 
.0000 
.0003 W 
CM-h 
CMJ-K 
CN-h 
1.60 
i.U 
1.6u 
-4. 
-2. 
U. 
-,0004 
-.0003 
-.0002 
-.0002 
-.0002 
-.0002 
-.0000 
-.0001 
-.dooi 
.0002 
.0001 
-.0001 
.0001. 
.0001 
-.0000 
.0001 
.0000 
-.0000 
.0000 
.0000 
.0000 
C-­ 1.80 2. -.0000 - o0000-.0ooo -.0000 -.0000 -.0000 .0000 o 
CM,4-k 
CN­
CN-L 
CN-L 
CN-L 
1.8U 
1.80 
1,tU 
1.8U 
1.80 
4. 
-6. 
-6. 
-4. 
-2. 
.0002 
.0002 
.0003 
.0000 
.0OUO 
.0002 
.0002 
.0003 
.0001 
.0000 
.0001' 
.0002 
40003 
.0001 
.0001 
.0001 .0000 
,0003 ,0002 
.0003 .0000 
.,0002 -.0000 
.0001 -.0001 
.0000 
.0001 
-.0002 
-.0002 
-.0002 
.O00 
,0000 
-,.0005 
-.0004 
-.0003 
CN-L 
CN-L 
1,8U 
1.8U 
U. 
2. 
.00 
.0000 
-.o6bo 
-00000 
-.0000 
-.0000 
-.0001 
-.0000 
-.0061 
-.0000 
-.0002 
-.0000 
-.0002 
-,0000 
CN-L 1.9u "-4.-.UO'" ,0000 .0000 .0001 .6601 .0002 .0002


CN-L ±.bU b. .0000 .0001 .0002 .0003 ,0002 90002 00002


Table 8-6. M = 1.80 6e1 10/-5 
BASE PITCHING MOMENT COEFFICIENT. % SSME POWER = 109% 
ELEMENT -6 -4 -2 0 2 4 6 
CM-IOL i.au -b.._-.Uobo - 0050 -.0050 -.0050 -. Q050 -.0050 -.0050 
CM-IOL 1.SU 4 -. 0049 -. 009 -.0049 -. 0049 -. 0049 -.0049 -.0049 
CM-IOL lau -2. -.:0050 -.001+9 -.0049 -.0047 -.u049 .O 049 ",0050 
CM-IOL 1.8u 0. -.0bl -.0049 -.0047 -.0045 -.0047 -.0049 -.0051 
CiH-IOL 1.8u 2. -. OQbU -. 0049 -. 0049 -. 0048 -. 0049 -­ 0049 -. 0050 
CiA-IOL 1.8U 4. -.00O -.0050 -.0049 -.0050 -.0049 -.0050 -.0050 o 
CM-IOL 1.8o 6­ -.0053 -.0054 -.0054 -.0056 -.0054 -.0054 -.0053 
CM-UHB 1.8U -6. -. 0O02 -.0049 -.0047 -.0044 -.0047 -.0049 -.0052 
CM-URB 1.8U -4. -. 0053 -.0050 -.0047 -.0043 -.0047 -. 0050 -.0053 
CM-URB 1.U 2. -,00b4 -. 0051 -.0048 -.0045 -.0048 -.0051 -.0054 
CM-bRa 1.8u U. -.oOb4 -.0052 -.0049 -,0047 -.0049 -.0052 -.0054 
CM-URB 1.6u 2. -. 0b1 -.0050 -.0049 -.0048 -.0049 -.0050 -.0051 
o CM-URBCM-URB 1.8u1.Su 4.b. -.0048 -. Obl -.0048 -.0051 -.0048 -.0050 -.0048 -.0050 -.0048 -.0050 -,0048 -. 0051 -.0048 -.0051 
CM-T 1.8U -6. U000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-ET 1.8 -4. .6o000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 1.8U 2. .00ou .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 1.8u 0. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 1.8U 2. .UO00 .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 1.80 4. 0000U 0000 .0000 .0000 .0000 .0000 .0000 
cM-Tr 1.8U 8.6 .UOOO .0000 .0000 .0000 .0000 .0000 .0000 
cm­ 1.80 b. 06' 003 .0000 -.0003 -.0003 -. 0004 -. 0004 
CM-h 1.8( -4. QO04 .0002 -.0000 -.0003 -.0002 -.0001 .0000 
CM-R 1.8U -2. .0003 .0002 .0000 -.0001 -.0001 .0000 .bOO 
CM-H 1.8U U. .02 .0002 .0001 .0001 .0001 .0001 .0001 
cm-*. 1.80 2. .0000 .0000 .0000 .0000 ,0000 .0001 .0001 
CM- 1.8U 4. -.0002 :.0002 -.0001 -.0001 -.0000 .0000 .0000 
CM-K 1.ou 6. -0002 -.0002 -.0002 -.0003 -. 0002 *-.0001 -.'0000 
CM-L 198U -6. -GO04 -.0004 -.0003 -,0003 .0000 .0003 ,0006
-.0002 -.0003 -.0000 .0002 .0004CM-L 1oU - . .0000 -.0001 
Ci-L 1.d0 -2. .0001 .0000 -.0001 -.0001 .0000' .0002 .0003 
CM-L 1.80 0. .0001 .0001 .0001 .0001 .0001 .0002 .0002 
N-L 1.80 2. .0001 .0001 .0000 .00000 .090000 *0 .0000 
CM-L 1.6U 4. .0000 .0000 .0000 -.0001 -.0001 -.0002 -.0002 
.M-L 6. -.0001 -.0002 -. 0003 -. 0002 -. 0002 -. 00021.8U -.0000 

I 
Table 8-7. M = 2.20 e = 4/-5 05] 
BASE AXIAL FORCE COEFFICIENT % SSME POWER = 109% m 
ELEMENT a -6 -4 -2 0 2 4 6 
CA-IOL 2.2U -6. .0224 .0198 .0174 .0149 .0174 ;0198 .0224 S 
CA-IUL 
CA-IOL 
?.2U 
2.U 
-4. 
-2. 
.U200 
0186 
.0179 
.0171 
.0157 
.0156 
.0138 
.0142 
.0157 
.0156 
.0179 
.0171 
.0200 
.0186 
CA-U 2.2U U. .0169 .0165 .0160 .0158 .0160 .0165 .0169 
CA-LOL 2.2U 2. *01bb .0157 .0156 .0152 .0156 .0157 .0158 
CA-AOL 2.2u 4. .01b3 .0148 .0145 .0142 .0145 .0148 .0153 
CA-IOL eo 6. .01b7 .0144 .0133 .0122 .0133 .0144 .0157 
CA-URB 2.2U -6. .00B3 .0067 .0051 .0035 .0051 .0067 .0083 
CA-UkU 2.2U -4. .0088 .0074 .0059 0045 .0059 .0074 .0088 
CA-RS 2.2U -2. .00d6 .0078 .0070 .0062 .0070 .0078 .0086 
CA-UR 2.2U U. .003 .0083 .0083 .0083 .0083 .b083. .0083 
CA-Rti .2U 2. ,008U 00083 .0086 .0088 .0086 .0083 .0080 
t CA-id a.2u 4. .0079 .0081 .0084 .0086 .0084 .0081 .0079 
CA-URU :.2U 6. .0076 .0078 .0079 .0079 .0079 .0078 .0078 
CA-tf 2.2U -6. .0115 .0114 .0115 .0112 .0113 .0114 .0115 
CA-tT 2.20 -4. .0089 .0090 .0091 .0093 .0091 .0090 .0089 
CA-LT 2.20 -2. .0084 .0083 .0083 .0082 .0083 .0083 .0084 
CA--f 2.u 0. 0080 .0079 .0078 .0077 *0078 .0079 .0080 
CA-LT 2.2U 2. .0079 90075 .0071 .0066 .0071 .0075 .0079 
CA-tl ?.20 4* .0o .0071 .0062 .0054 .u062 .0071 .0080 
CA-LT 2.20 6. .UO~b 0075 .0062 .0049 .0062 .0075 .008a 
CA- 2.2U -6. .0036 .0024 .0013 .0001 -.0003 .0007 -.0010 
CA-R !.2U -4. U0039 .0026 .0013 .0000 -.0006 -.0011 -.0016 
CA-K ?,2U -2. .003U .0020 .0009 -.0001 -.0006 -.0010 -.0014 
CA-H 2.2U 0. .0019 .0012 .0005 -.0001 -.0006 -.0009 -.0013 
CA-H ?.2U 2. .0013 .0009 .0004 -.0001 -.0005 -.0010 -.0014 
CA-k 2.20 4. .0010 .0007 .0(04 .0001 -.0005 -.0011 -.0016 
CA-K ?.2U 6. .0013 .0007 .0002 -.0003 -.0010 -.0016 -.0022 
CA-L 2.2u -b. -.0010 -.0007 -.0003 .0001 .0013 .0024 .0036 
CA-L 2.2U -4. -.0016 -.0011 -.0006 .0000 .0013 .0026 .0039 
CA-L 2.2U -2. -.U014 -.0010 -.0006 -.0001 .0009 .0020 .0030 
CA-L 2.2U 0. -.0013 -.0009 -.0006 -.0001 .0005 .0012 .0019 
CA-L 2.2U 2. -.0014 -.0010 -.0005 -.0001 .0004 .0009 .0013 
CA-L .20­ 4. -.0d,6 -,0011 -.0005 .0001 .0004 .0007 .OaIo 
CA-L 2.20 6. -.0022 -.0016 -.0010 -.0003 .0002 .0007 .0013 
Table 8-8. M = 2.20 6 = 4/-5 E3 
BASE NORMAL FORCE COEFFICIENT % SSME POWER = 109% 
0z in 
ELEMENT a -6 -4 -2 0 2' ' 6 
CN-IOL 4.20 -b. .0071 .0065 .0060 .0055 .0060 .0065 .0071 
CN-IOL 2.20 -4. .0073 ,0068 .0064 	 .0060 .0064 s0068 .0073 

.0065 .0068 .0071 .0073
CN-IOL 2 -2. .0073 .0071 .0068 
CN-IOL .iu 0. .6U73 .007i .0073 .0071 .0073 .0073 .0073 
CN-IOL 2. U 2. .0073 .0074 .0074 .0075 .0074 .0074 .0073 
CiN-1OL 2.2U 4. .0075 .0075 .0076 .0078 .0076 .0075 .0073 0 
CN-IOL 2.2u 6. .0072 .0074 .0074 .0076 .0074 .0074 .0072 
CN-ORB 2.20 -b. .0068 .0061 .0054 .0047 .0054 .0061 .0068 
CN-URB 2.2U -4. .0077 s0069 .0061 .0054 .0061 .0069 .0077 
CN-Rd ?.2U -2. .0076 .0071 .0066 .0061 .0066 .0071 .0076 
CN-UR Z.2U U. .0074 .0073 .0071 .0069 .0071 .0073 .0074 
0 CN-URB 2.2U 2. .0075 .0074 .0073 .0073 .0073 .0074 .0075 
i CN-URU 2.U 4. .0076 .0076 .0075 .0074 .0075 .0076 .0076 
CG-RU~d 2.2U b. .0076 .0075 .0073 .0072 .0073 .0075 .0076 
CN-br 2.20 -. .0000 00000 .0000 .0000 .0000 0000 
CN-iT 2.20 -4. .000 .0000 .0000 .0000 .0000 .0000 .0000 
CN-LT 2.2U -2. .0000 .0000 .0000 .0000 .0000 0000 .0000 
ci-Lr ?.2,, 0.. .000 .0000 .0000 .0000 .0000 .0000 .0000 . 
CN-LT 2.2U 2. .00u0 .0000 .0000 .0000 .0000 .0000 .0000 
C1M-LI 2.21 '2. .0O0u ..0000 .0000 .0000 .0000 .O000 .00000 
CN-Lf 2.2U 4. .000 ;O000 .0000 .0000 .0000 .0000 .0000 
CN-LT ?.2u 6. .00W OOu .0000 .0000 .0000, .0000 .00000 
CN-J( 2.29 .6-.,--.uo.u .0000 .0002 .0004 .0004 .0004 .0005 t 
CN-< 2.2U -4. -.0004 -.0002 .0O01 .0003 .0002 .0001 .0000 
CN-tC­ 2.202 '-2o . -.- 0003.0 -.. 001 - 01.001 .01.0001OOOI 000002 *01 001-00.OO1 -.0000 
CM-N(mN-r 2.2U2,2U 0.2. -0001-0001 -0000.0000 .0001.0001 .0001.0001 0001.0000 .0o00-. 0000 -00001-. 0001 
CN-N a.2u 4. -.001 0000 .0001 .0002 .0000 -.0001 -.0002 
CN-t 2.2U 6., -.0000 .0001 .0001 .0002 .0000 -.0002 -.0004 
Ct-L 2.2u -6. 0005 ,0004 .0004 .0004 .0002 .0000 -.0002 
CN-L 2..2 4 .0uOQ .0001 .0002 .0003 '.0001 -.0002 -.0004 
CN-L 2.20 -2. -.0000 .0001 0001 .0002 .0001 -.0001 -.0003 
CN-L 2.201 0. ._tO ,0000 .0001 .0001 .0001 -0000 -.0001 
CN-L 2.20 2. -.0001 -.0000 .0000 .0001 .0001 .0000 -.0001 
CjN-L ?2.U 4.- -. 0 O2 -,0001 .0000 .0002 *0901 .0000 -.0001 

- f ,f	 nnnrI nn nfnml nn - nnl

Table 8-9. M = 2.20 a = 4/-5 E3 
BASE PITCHING MOMENT COEFFICIENT % SSME POWER : 109% 
ELEMENT -6 -4 -2 0 2 4 6 
CM-IOL 2.2U -b. -. 0037 -.0035 -.0034 -.0034 -o0034 -.0035 -.0037 
CM-IOL 2.2u -4. -.0037 -.0036 -.0037 -.0036 -.0037 -.0036 -.0037 
CM-iuL 2.2U -2. -.0037 -.0037 -.0037 -.0036 -.0037 -.0037 -.0037 
CM-IOL . 'U0. -.0U036 -.0036 -.0037 -.0035 -.0037 -.0036 -.0036 
CM-'OLCM-1OL 
CM-O.L 
2.2U 
; 2U 
2.20 
2.4# 
4. 
-.U036 
-.0036 
-.0035 
-.0037 
-.0038 
-.0037 
-.0037
-,0039 
-.0039 
-.0037 
-.0041 
-.0041 
-.0037
-e0039 
-.0039 
-.0037
-90038 
-.0037 
-.0036
-*0036 
-.0035 
CM-UR 2.2U -6. -.004 -.0031 -.0028 -.0026 -.0028 -.0031 -.0035 
CM-URB ?.2U -4. -.0042 -.0037 -.0033 -.0028 -.0033 -.0037 -.0042 
CM-ORB 2.2u 4. -.004 -. 0037 -.0034 -.0030 -.0034 -.0037 -.0041 
CA-QRB ?.2U U. -.0038 -.0036 -.0035 -.0033 -.0035 -.0036 -.0038 
CM-URb 2.2U 2. -.0038 -.0037 -.0036 -.0035 -.0036 -.0037 -.0038 
HCM-vRL 2.2U 4. -.0039 -.0039 -.0038 -.0037 -.0038 -.0030 -.0039 
CM-URB P.20 6. -.0039 -.0038 -.0038 -.0037 -.0038 -.0038 -.0039 
CM-LE 2.2u -6. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 2.2U -4. .oob .6000 .0000 .0000 .0000 .0000 .0000 
Ci-tr 2.20 2. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-L ?.ZU U. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-LT 2.2u 2. .00ou .0000 ..0000 .0000 .0000 .0000 .0000 
CM--f 2.2U 4. .OOO ,0000 .0000 .0000 .0000 .0000' .0000 
CM-LT ?.21 6. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CM-K ?.?u -6. .0002 -.0000 -.0002 -.0004 -.0004 -.0004 -.0005 
CV-K 2.20 74. .00 .0002 t.OUOI -*0 -.0003 -.0001 -.0000 
CM-K 2.2u -2, .0003 -0001. 01-.0003 -,0002 -.0001' 0061 
C2­ ?.2U 0. .U001 .0000 -.0001 -.0001 -.0001 -.0000 .0001 
CMA-K 2.2u 2. .0001 -.0000 -.0001 -.0001 -.0000 .0000 .0001 
CM-" 2.2U 4. .0001 -.0000 -.0001 -.0002 -.0000 .0001 .0002 
cM-K 
CM-L 
e.2u 
2.2U -6. 
Q6.--.OU-.0001 
-.0005 -.0004 
-.0001 
-.0004 
-.0002 
-.0004 
-;0ooo 
-.0002 
.0002 
-.0000 
.0001 
.0002 3 
CI-L ?.2U -4. -.0000 -.0001 -.0003 -.0004 -.0001 .0002 .0005, 
CM-L 2.2u -2. .0001 -.0001 -.0002 -.0003 -.0001 .0001 .000 
CM-L .2.2U . .o6"i -.0000 -.0001 -.0001 -.0001 0O0 .0001 
CM-L 2.20 2. ;0001 .0000 -.0000 -.0001 -.0001 -.0000 .0001 
CM-L ?-.2u 4.- ;0002 ... Qb1 -. 006 -. bb02 6061- ';0-... .6001 
CM-L 2.0 6. O04 -.0000 -. -.0o01 . ooo2 1  .0002 -.0002 oo0o 

E
Table 8-10. 
 M = 2.50 6 = 0/-2 
BASE AXIAL FORCE COEFFICIENT % SSME POWER = 109%

ELEMENT a -6 -4 -2 0 2 4 6 0 
CA-IOUL Z.49 -6. .0066 .0063 .0043 .0021 ,0043 .0063 .0086 
CA-1iL 2.49 -4. .0045 .0032 .0018 .0007 .0018 00U32 ,0045 
CA-IOUL 2.49 -2. .0037 .0031 .0025 .0017 .0025 .0031 '.0037 
CA-IOL 2.49 0. .0061 .0029 .0026 .0024 .0026 .0029 .0031 
CA-1iL 2.4V 2. .0009 .0009 .0009 .0010 .0009 .0009 .0009 
CA-IOL 2.49 4. -.0012 -.0011 -.0008 -.0007 -.0008 -.0011 -.0012 
CA-iOL 2.49 b. -.0024 -.0028 -.0033 -.0035 -.0033 -.0028 -.0024 
CA-URb 2.49 -6. .0085 .0073 .0061 .0049 .0061 .0073 .0085 
CA-ORB 2.49 -4. .0062 .0058 .0053 .0049 .0053 .0058 .0062 0 
CA-URB 2.49 -2. .00bO .0058 .0056 .0053 .0056 .0058 .0060 
CA-URU 2.49 U. ,00b9 .0058 .0057 .0056 .0057 .0058 .0059 
CA-URU 2.49 2. .0057 .0055 .0053 .0052 .0053 .0055 .0057 
I CA-kz e.49 4. .00b3 .0051 .0050 .0048 .0050 .0051 .0053 
CA-ORb 2.49 6. .0044 .0046 .0047 .0049 .0047 .0046 .0044 
CA-Lr 2.49 6. . UOU2 -.0003 -.0007 -,0012 -.0007 -.0003 .0002 
CA-LT 2.49 -4. -,0015 -.0015 -.0018 -.0020 -.0018 -.0015 -,0013 
CA-LT Z.49 -2. -,0013 -.0011 -.0009 -.0008 -.0009 -.0011 -.0013 
CA-LT 2.49 U. -.0016 -.0008 -.0003 .0002 -.0003 -.0008 -.0013 
CA-LT 2.49 2. -.0040 -.0026 -.0012 .0002 -,0012 -.0026 -.0040 
CA-LT ?.49 4. -.4060 -.0042 -.0023 -.0005 -.0023 -.0042 -.0060 
CA-LT 2.49 6. -.00b7 -.0051 -.0045 -.0038 -.0045 -.0051 -90057 
CA-k 2.49 -6. .0015 .0007 -.0000 -.0008 -.0011 -.0014 -.0016 
CA-K Z.49 -9. .0016 .0007 -.0002 -.0011 -.0015 -0018 -.0020 
CA-R 2.49 -2. 10011 .0003 -.0005 -.0014 -.0017 -.0019 -.0021 
CAtK -.0001 -.0009 -.0017 -,*019 -.0020 -.0022 
CA-I< Z.49 2. .0006 -.0002 -.0012 -.0022 -.0020 -.0,018 -.0016 
CA-K Z.49 4. .U000 -.0003 -,0U14 -,0025 -.0021 -,0017 -s0013 
CA­ 2.49 6. .0010 -.0001 -.0012 -.0023 -.0023 -.0022 -.0021 
CA-L .*49 -6. -.0016 -.0014 -.0011 -.0008 -.0000 .0007 .0015 
CA-L 2.49 -4 -.0020 -.0018 -.0015 -.0011 -.0002 .0007 .0016. 
CA-L 2.49 *2. -. 021 -.0019 -,0017 -.0014 -.0005 .0003 .0011 
CA-L 2.49 0. -.00U22 -.0020. -.0019 -.0017 -.0009 -.0001 90007 
CA-L 2.49 2. .Ub01b -.0048 -.0020 -.0022 -.0012 -.0002 .0008 
CA-L 2.49 4. -. 013 -.0017 -.0021 -.0025 -.0014 -.0003 00008 
CA-L Z.4V9 6. -0021 -.0022 -.0023 -.0023 -.0012 -.0001 .0010 
Table 8-11. 
 M = 2.50 s 0/-2 [] 
BASE NORMAL FORCE COEFFICIENT % SSME POWER = 109% 
ELEMENT a -6 -4 -2 0 2 4 6 
CN-IOL 2.49 -6. .Ob4 .0058 .0053 .0049 .0053 .0058 .0064 m 
CN-IOL 2.49 -4. .OO55 .0052 ,0049 .0048 .0049 .0052 *0055 
CN-IOL 2.49 -2. .0052 .0051 .0050 .0050 .0050 .0051 .0052 
CioiL 2.49 0. .0049 .0050 .0051 .0052 .0051 .0050 .0049 
CN-IOL ?.49 ?. - .0051 -.0052 .0051 .0052 .0051 .0052 .0051 
CN-IOL 2.49 4. .Uot2 .0052 .0051 .0051' .0051 .0052 .0052 
CN-IOL 2.49 b. .0049 .0050 .0050 .0051 .0050 .0050 .0049 0 
CN-URB 2.49 -6. .0056 .0051 .0047 .0043 .0047 .0051 .0056 
Ct-uRB 2.49 -4. .UObu .0048 .0046 .0044 .0046 .0048 .0050 
CI-URB 2.49 -2. .0049 ,0049 90049 .0050 .0049 .0049 .0049 
Ct-ORB 2.49 0. .0048 .0050 .0052 .0054 .0052 90050 .0048 
CN'-UHB 2.49 2. .0051 .0052 .0052 .0052 .0052 .0052 .0051 
H Cu-ORdCN-URU 2.492.49 4. 6. .Ob4 .0052 .0053 .0052 .0052 .0051 
.0051 
.0051 
.0052 
.0051 
.0053 
.0052 
.0054 
.0052 
.CN-LT e.0 . -6. .UOU .OOOU .0000 .0000 .0000 .0000 ,0000 
CN-LT 2.b0 -4. 000 ooo0 .0000 .0000 .0000 .0000 .0000 
CN-LT a.bu -as .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CN-Lr 2.5U 0. .00ou .0000 .0000 .0000 .0000 .0000 .0000 
CN-LI 2.50 2. .0000 .0000 .0000 .0000 .0000 .0000 ,0000 
CN-Ls 2.5u 4. .u000 .0000 .0000 .0000 .0000 .0000 .0000 
CN-Li 2.bU 6. .0000 .0000 .0000 .0000 .0000 .0000 .0000 
CN-R Z.49 -6. .0003 .0003 .0003 .0003 .0003 .0004 .0005 
CN-K 2.49 -4. .0004 .0003 .002 ,0002 .0001 .0001 .0001 
CN- 2.*4V -2. .0003 .0.002 .0001 .0000 .0000 -.0000 -.0000 
CN­ 2?.49 U. .0002 .O00 .0000 -.0001 -.0001 -.0001 -.0001 
CN-< 2.9 2. .0001 .0001 .0000 -.0000 -.0001 -.0001 -.0001 
CN-< 2.49 4. :0000 .0000 .0000 .0000 -.0001 -.0001 -.0002 
CiM-k 2.49 6. . 0o0oooo.ooo .0000 -.0001 -.0002 -.0003 -o 
CN-L 2.o9 -6. .000b ,oo04 .0003 .0003 .0003 .0003 .0003 P 
CN-L 2.49 -4. .0001 .0001 .0001 .0002 .0002 .0003 .0004 0 
CN-L 2.49 -2. -. 0000 -. 0000 .0000 .0000 .000i .0002 .0003 
Ct-L 2.49 U. -.0OUl -.0001 -.0001 -.0001 .uO00 0001 00002 U) 
CN-L 2.49 2. -. 0001 -. 0001 -. 0001 -. 0000 .0000 .0001 .0001 
CN-L 2.49--- 4-. -.-b'a -.0001 --.0001 .000d 40000 .0000 .0000


CN-L 2.49 b. -. 0005 -. 0002 -. 0001 .0000 .0000 .0000 .0000


Table 8-12. M = 2.50 ae = 0/-2[E3 
10 
BASE PITCHING MOMENT COEFFICIENT % SSME POWER = 109% 
ELEMENT a -6 -4 -2 0 2 4 6 
Cm-IOL 
CM-IOL 
.49 
.49 
-b. 
-4. 
-.UO31 
-.0029 
-.0029 
-.0027 
-. 0027 
-.0025 
-90027 
-.0025 
-. 0027 
-.0025 
-. 0029 
-.0027 
-. 0031 
-.0029 all 
CM-IOL 2.49 -2. -0024 -,0025 -.0025 -. 0025 -0025 -.0025 '-.0024 
CM-IOL 2.49 2. -.0U023 -.0024 -.0026 -0028 -0026 -0024 -.0023 
CQI-IOL
CM-IOL 
,4 9 
2.49 
2. 
6. 
5U025 
-.0026 
- .0u6 
-.0026 
-.0"027 
-.0027 
-.0029 
-. 0027 
-. 0u2 
-.0027 
-. 0024 
-,0026 
-.025 
-.0026 
CM-AOLCM-URB 2.49 -6. 6. 
-,0026 
0.0021 
-,01-02002 1
-002 -,0027-0021 
-00 
-. 0027
-0021 
-02
-,002
-. 0021 
-00
-,0021
-. 0021 
-02 
-. 0021 
-. 0021 
CMI-URU 2.49 -4 -,0024 -20023 -,0022 -.0021 -,0022 -s0023 -. 0024 
CM-URS 2.49 . -.0'.0021 -,002 -0024 -oob27 -.07. -.0023 -.0021 
CM-URU 2.49 U. -. 0029 -.0023 -.0026 -.0029 -.0026 -0023 -.0020 
Cfiv-RU 2.49 2 -. 04 -.0025 -.0026 -.0028 -. 0 6 -.0025 -.0024 
CM-ORB 2.49 4. -,oo27 -.0027 -*0027 -.0027 -.0027 -,0027 -.0027 
CM-ORB 2.90 -.029 -.0028 -.0028 -. 0027 -.0028 -.0028 -o0029 
CM-LT 2.bU 6. .0000 ,0000 .0000 ,0000 .0000 .0000 .0000 
CM-L-T 2.bU L. .0000 .0000 .0000 ,0000 .0000 .0000 .0000 
CM-LT 2.bU 2. ,0000 .0000 .0000 00000 .0000 .0000 .0000 
CM-LT .U . 000 0 0000 ,0000.,0000 ,0000 ,0000 ,0000 
CMtT a.50 2. .0000 -.0000 .0000 .0000 -0000 .0000 .0000 
CM-Lt ?.5U 4. .OOOW -.0000 .0000 -0000 .0000 .0000 -0000 
CM-LT 2.50 6. .000u .0000 .0000, .0000 -0000 .0000 .0000 
CM-X 2,49 6, -­0005 -,00o1 -0 000 3 .0003 -.0004 -.0005 
CM-K ?.49 2-4. -.0004 -,0003 -.0002 -,0002 -.0000 -.0001 -.0001 
C-X 2.49 2. -00003 -.0002 -.0001 -.0Oo -.0000 .0000 .0000 
CM-K 2.49 0. -00002 -.0001 o.0000 000­ .0001 .0001 .0001 
Cm-K 2.4.9 2. -.0001 -.0000 -. 0000 -. 000 - 0000 ,0001 .0002 
CM-K 2.49 4. .0000 .0000 -. 0000 -. 0001 .0000 .0001 .0002 
CMK ?.49 6. -. 0000 -. 0000 .0000 .0000 .0001 .0002 .90003 
CM-L 2.49 -6 . -. 0005 -. 0004 -. 0003 -. 0003 -. 0003' -*0004 -.ooos H 
CM-L 2.49 '4 -. 0i -0001 -.0001 -.0-002 -.0002 -.0003 -.0004H' 
CM-L 2.49 -2. .0000 .oao0 -.0000 -,0000 -.0001 -@0002 -.0003 
CM-L 2.49 0. .0001 0001 .0001 .0001 -.0000 -.0001 -.0002 
CNI-L 2.49 2. 00002 .0001 .0000 -.0000 -.0000 -00000 -.0001 
CM-L ?2.49 4. .0002 ,0001 .0000 -.0001 -.0000 90000 .0000 
CM-L e.49 6. 0005 .0002 o0001 40000 .0000 -.0000 -.0000 
MOOf Engineering & Technology -Center TR-1963 
Table 8-13 
BASE COEFFICIENT PARTIALS


DCxi /asEI 
MACH SSLV ORB ET 
CA 1.551.80 O" 0 
0 
"0 
0 
0 
2.20 0 0 0 
2.50 0 0 0 
CN 1.55 
1.80 .000075 
.00004 
.000075 
.00004 
0 
- 0 
2.20 -.00003 -'.00003 0 
2.50 -.00008 -.00008 0 
C 1.55 -.000075 -.000075 0 
M 1.80 -.00004 -.00004 0 
2.20 .00003 .00003 0 
2.50 .00008 .00008 0 
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Table 8-14


BASE AXIAL FORCE (LBS)


TOTAL NOMINAL % SSME
POWER LEVEL 
41999 109

34543

27620

21255

15582

10328

5494

1500

3000

-7416

-9434

-10837

-12161

-12341

-12191

-11700

-10812

-9258

-7641

-7074

-6554

-6334 109

OF T9o 
ALTITUDE
(ft)TOTAL 
 
0 0 
 
4000 '41295 
 
6000 112146" 
 
80d0 148363 
 
10000 162595 
 
12000 178724 
 
14000 193983 
 
16000 209734 
 
18000 226100 
 
19000 240776 
 
20000 .257649 
 
21000 309484 
 
22000 341482 
 
23000 354185 
 
24000 357716 
 
25000 338036 
 
26000 294479 
 
28000 256747 
 
30000 230650 
 
34000 193188 
 
38000 157365 
 
40000 118714 
 
42500 95425


45000 77572


47500 62104


50000 50952 
 
NOMINAL % SSME

POWER LEVEL 

109 
 
109 
 
109 
 
109 
 
107 
 
101 
 
95 
 
83.4 
 
88.4 
 
93 
 
105 
 
109 
 
109 
 
ALTITUDE
(ft) 
 
52500 
 
55000 
 
57500 
 
60000 
 
62500 
 
65000 
 
67500 
 
70000 
 
72500 
 
75000 
 
77500 
 
80000 
 
85000 
 
90000 
 
95000 
 
100000 
 
110000 
 
120000 
 
130000 
 
140000 
 
145000 
 
160000 
 
Rp oD 
ORIGINAL PACE IS POOP.
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ALTITUDE 

(ft) 

0 	
 
4000 	
 
6000 

8000 

I0OOO 
12000 

14000 

16000 

,18000 

19000 

20000 

21000 

22000 

23000 

24000 

25000 

26000 

28000 

30000 

34000 

38000 

40000 

42500 

45000 

TOTAL 
 
TT 
 
0 
 
14100 
 
18900 

22200 

24966 

26867 

28381 

30163 

32278 

33678 

36009 

41054 

48096 

50853 

5i688 

50621 

45343 

40842 

39239 
 
35678. 
 
28850 
 
25785 
 
22034 
 
19136 
 
Table 8-15 
BASE NORMAL FORCE (LBS)


NOMINAL % SSME ALTITUDE 
 
POWER LEVEL (ft) 
 
109 47500 
 
109 50000 
 
109 52500 
 
109 55000 
 
107 57500 
 
101 60000 
 
95 	 62500 
 
88.4 	 65000 
 
67500 
 
70000 
 
72500 
 
75000-

77500 
 
80000 
 
85000 
 
90000 
 
95000 
 
100000 
 
88.4 110000 
 
93 120000 
 
105 130000 
 
109 140000 
 
109 150000 
 
109 160000 
 
NOMINAL % SSME 
TOTAL POWER LEVEL 
16702 109 
15285 
13946 
12578 
11347 
10061 
8943 
7875 
6716 
5597 
3060 
1175 
742 
391 
-193 
565, 
-791., 
-1023 
-1221 
-1380 
-1384 
-1451­
-1500 
-1400 109 
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Table 8-16


BASE PITCHING MOMENT (FT. LBS)


ALTITUDE PITCHING MOMENT 
(ft) (ft-lbs) 
0 O. 
4000 *­ 929754 
6000 -1246266 
8000 -1287600 
10000 -1296826 
12000 . -1374159 
14000 -1441528 
16000 -1484908 
18000 -1535100 
19000 -1589046 
20000 -1701877 
21000 -1937440' 
22000 -2206003 
23000 -2218121 
24000 -2187319 
25000 -2101904 
26000 -194-2585 
28000 -1785366 
30000. -1713072 
34000 -1515453 
38000 -1202968 
40000 -1163120 
42500 -1091025 
45000 -987022 
NOMINAL % SSME 
 
POWER LEVEL 
 
109, 
 
109 
 
109 
 
109 
 
107 
 
101 
95 
 
88.4 
 
j10000 
 
84. 
 
93 
 
105 
 
109 
 
109 
 
109 
 
ALTITUDE 
 
(ft) 
 
47500 
 
50000 
 
52500. 
 
55000 
 
57500-

60000 
 
62500 
 
65000 
 
-67500 
 
70000 
 
72500 
 
75000 
 
77500 
 
80000 
 
85000 
 
90000 
 
95000 
 
110000 
120000 
 
130000 
 
140000 
 
150000 
 
160000 
 
PITCHING MOMENT NOMINAL % SSME 
(ft-lbs) POWER LEVEL 
-842655 1(9 
-768558 
-706430 
-649350 
-598665 
-542188 
-487760 
-433056 
-376544 
-320178 
-16000 
-80000 
-60000 
-39080 
-4825 
14130 
41395 
55800 
72303 
82300 
84635 
88920 
95000 
95000 109 
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Table 8-17


BASE AXIAL FORCE PARTIALS


ALTITUDE aAF/au 
(ft) (LB/DEG) 
10000 -1331.0 
12000 -1361.0 
14000 - -1536.0 
16000 -1823.0 
18000 -2454..0 
19000 -2667.0 
20000 -2716.0 
21000. -2021.0 
22000 -705.0 
23000 1040.0. 
24000 2461.0 
25000 3148.0 
26000 2911.0 
28000 1627.0 
30000 514.,0 
34000 -583.0 
38000 -1014.0 
40000 -1014.0 
42500 -1011.0 
45000 -978.0 
47500 -893.0 
50000 -882.0 
52500 -738.0 
55000 -666.0 
57500 -597.0 
60000 -510.0 
62500 -461.0 
65000 -413.0 
67500 -358.0 
70000 -335.0 
aAF/BaEI 
 
(LB/DEG)-

2623.0 
 
2959.0 
 
3255.0 
 
3665.0 
 
5653.0 
 
6400.0 
 
7761.0 
 
8842.0 
 
9138.0 
 
9098.0' 
 
8533.0 
 
6959.0 
 
4350.0 
 
1864.0 
 
171.0 
 
87.0 
 
21.0 
 
0 
 
0 
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aAF/a% SSME POWER


(LB/%)


73.0


71.0


62.0


43.0


26.0


23.0


31.0


107.0


138.0


159.0


167.0


169.0


167.0


142.0


158.0.


96.0


-112;0


N.A.


N.A.


TR-1963
G Engineering d Technology Center 
ALTITUDE 3NF/au 
 
(ft) (LB/DEG) 
 
10000 -2-70.0 
 
12000 -307.0 
 
14000 -318.0 
 
16000 -318.0 
 
18000 -337.0 
 
19000 -381.0 
 
20000 -403.0. 
 
21000 -410.0 
 
22000 -352.0 
23000 0.0 
 
24000 328.0 
 
25000 845.0 
 
26000 886.0 
 
28000 551.0 
 
30000 282.0 
 
34000 139.0 
 
38000 131.0 
 
40000 129.0 
 
42500 132.0 
 
45000 146.0 
 
47500 151.0 
 
50000 156.0 
 
52500 168.0 
 
55000 178.0 
 
57500 179.0 
 
60000 184.0 
 
62500 190.0 
 
65000 194.0 
 
67500 189.0 
 
70000 190.0 
 
Table 8-18


NORMAL FORCE PARTIALS


aNF/A&EI 
 
(LB/DEG) 
 
0.0 
 
0.0 
 
13.0 
 
35.0 
176.0 
 
.213.0 
 
264.0 
 
276.0 
 
280.0 
 
244.0 
 
213.0 
 
166.0 
 
167.0 
 
169.0 
 
171.0 
174.0 
 
175.0 
 
148.0 
 
121.'0


103.0


76.0


41.0


16.0


-8.0


-37.0


-50.0


-68.0


-77.0


-88.0


-99.0 
 
aNF/a% SSME POWER


(LB/%)


20.0


18.0


13.0


9.6 
15.0


18.0


39.0


83.0


90.0


91.0


87.0


83.0


80.0


68.0


73.0


45.0


-47.0


N.A.


N.A.
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Table 8-19 
PITCHING MOMENT PARTIALS 
ALTITUDE aPM/a 3PM/a6EI 3PM/a% SSME POWER 
(ft) (FT.LB./DEG.) (FT.LB./DEG.) (FT.LB./%) 
10000 -14019.0 O:O­ -1070.0 
12000 15742.0 0.0 -943.0 
14000, 16238.0 -1398:0 -638.0 
16000 15725.0 -3763.0 -496.0, 
18000 16013.0 -18920.0 -755.0 
19000 18021.0 -22898.0 -898.0 
20000 19062.0 '-28380.0 -1916.0 
21000 19349.0 -29670.0 -4051.0 
22000 16082.0 -30100.0 -4354.0 
23000 0.0 -26230.0 -4246.0 
24000 -13892.0 -22898.0' -3928.0 
25000 -44056.0 -17845.0 -3587.0 
26000 -37908.0 -17953.0 -4068.0 
28000 -24108.0 -18167.0 -3713.0 
30000 -12308.0 -18382.0 -4034.0 
34000 -5947.0 -18705.0 -2322.0 
38000 -5646.0 -18813.0 1667.0 
40000 -4690.0 -15946.0 N.A. 
42500 -4662.0 -13055.0 
45000 -4612.0 -11069.0 
47500 -4691.0 -8120.0 
50000 -4770..0 -4417.0 
52500 -4824.0 -1723.0 
55000 -4995.0 832.0 
57500 -5136.0 '4012.0 
60000 -5178.0 5330.0 
62500 -5242.0 7280.0 
65000 -5274.0 8328.0 
67500 -5510.0 9446.0 
70000 -5584.0 10673.0 N.A. 
8r23 
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Table 8-20 
JA138


BASE COEFFICIENT TOLERANCES


±ACA


MACH NO. 
 SSLV ORB ET 

1.55 .0069 .0032 .0050 

1.8 .0082 .0054 .0050 

2.2 .0078 .0050 .0044 

2.5 .0070 .0040 .0040 

MACH NO. SSLV ORB' ET 

1.55 .0030 .0019 .0007 

1.8 .0039 .0032 .0009 

2.2 .0037 .0030 .0010­
2.5 .0032 .0024 .0012 

+ACy


MACH NO. SSLV ORB ET 

1.55 .0015 .0012 .0006 

1.8 .0015 .0010 .0008 

2.2 .0017 .0008 .0010 

2.5 .0019 .0006 .0012 

I. ACASSLV V 
 (ACAo)2 + ACAET +
 2ACAsRB)


2.AC (C)222
-
0v)2 + (ACyET)2 + (ACAsRB 
 ACSSLV 2. 
 
B


3. ACN O.6ACA


SRB(l)
 
.0006


.0006


-.0008

.0009

*C, = 0.6 CAo 
SRB(l)


.0008


.0007


.0006


.0005


SRB(1)


.0004


.0005


.0008


.0010


+ (ACAsR2)2
 
8-24
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Table 8-21


BASE MOMENT INCREMENTS


The general equations for the element moment increments are


ACN N + ACA 
 A
ACM 

ACyN = ACy (XTh)


"ZL 
 YL


ACP AC + ACN


The SSLV moment increment is determined by the following equations


V(ACMo)2 + (ACMET + ACMRSRB + ACMLSRB)2

ACMSSLV 
 
a~N j (C 2 " 2 (yNSB22


AC YN ) + (AC )2+ (AC + (AC )2
SSLV 0 ET RSRB . LSRB 
SRB RIGHTORBITER ET 
 LEFT


XNN- :
 99 
 
.87 
 "1,17


ZA 
L- .31 0.0 0.0 
XYN 
- = 1.06 0.87 0.195 
YLU- 0.0 0.0 
 1.17


= .27 0.03 0.0


NOTE; L = 1290 INCHES
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Section IX 
FOREBODY PLUME INDUCED MATH MODEL


The nominal forebody plume induced aerodynamic characteristics were small


except on the Orbiter fuselage and the inboard elevon. Math models have thus


been developed for the SSLV, Orbiter, and the inboard elevon hinge moment.


The SSLV and Orbiter normal force, pitching moment and inboard elevon hinge


moment coefficient has the following type of math model.


CN = CN CL fCN/aSEI 
 1]x AEI+ aCN/36EO >1 x A6EO 
= MATRIX TRI MATRIX 
C
H I


where CN is a 4x7 matrix for a = +4,0,-4,-8

N = -6,-4,-2,0,2,4,6


- elevon deflection corresponds to close schedule 6 (Table 94.l 
-6,-11)


3CN/ EI is a 4x7 matrix for a +4,0,-4,-8
> 0 = -6,-4,-2,0;2,4,6 
> gradient.for inboard elevon deflections > nominal (Table 9­

-7,-12)


< gradient for inboard elevon deflections < nominal (Table 9­

-8,-13).


3CN/DEO is a 4x7 matrix for a ='+4,0,-4,-8

> 0 = -6,-4,-2,0,2,4,6 
> gradient for outboard elevon deflections > nominal (Table c


-9,-14)


< gradient for outboard elevon deflections < nominal (Table S


-10,-15)


A6EI - change in inboard elevon deflection from nominal value specif
in Table 9-1 to inboard elevon deflection'of interest.


A6EO - change in outboard elevon deflection from nominal value

specified in Table 9-1 to outboard elevon deflection of


interest.
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The orbiter normal force and pitching moment math models were derived from


the results of the pressure integration of the power-delta pressure coefficientE


The orbiter data used to derive the math model is presented in the tabulated dal


in the Appendix - Section 9 (Forebody Pressure Integration) of the printout sheE


(see Section VII). The SSLV and Orbiter math models are identical since only tt


plume effects on the Orbiter are included in the math model.- The wing data was


combined with the Orbiter data. The wing gage power delta presented in the
 

appendix is in error 'due to the differences in angle of attack from the power-ol


to the power-on attitude (see Section VII - Test Results). Selected interpolatE
 

wing power deltas were found to be significantly less than the tabulated values.


The interpolated wing power delta was found to be approximately 3 percent of the


power-off wing load and varied from positive-to negative values. The nominal wi


power delta was thus considered as zero. Interpolated values of the wing power
 

delta are included in the tolerances of the wing and the Orbiter.


The hinge moment math model was derived from the left wing gage data,


although the data is presented for the right wing. The left wing gage data
 

used to develop the hinge moment math model is presented in the tabulated data


in the appendix in Section 8 (GAGE DATA) of the printout sheet (see Section VII)


The hinge moment data was not corrected' for a differences '(see discussion


Section III - Test Results). An error of approximately 10 petcent was.


introduced by not interpolating the data. This error was included in the


tolerances.


FOREBODY COEFFICIENT TOLERANCES
 

Forebody tolerances have been developed for all forebody elements and


components. As mentioned above, only the Orbiter and inboard elevon hinge


moment had measurable plume induced'aerodynamic changes that could be effective]


modeled. The other elements and components have zero nominal math model plume


induced aerodynamic characteristics. Tolerances have been developed for all


elements and components, however, to account for all possible variations in plun


induced aerodynamic characteristics. The forebody element and component force


coefficient tolerances are presented as tabled values that are the +3a variatior


of the nominal coefficient. The +3a variation covers the potential variation


of the coefficient from the math model results to expected flight data values.
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The SSLV and element force coefficient tolerances are presented in Table


9-21. The moment increment equations are presented in Table 9-22. The'


component force'coefficient tolerances and moment equations are presented in


Tables 9-23 and 9-24. The moment tolerances require using equations that


include the force coefficient tolerances along with the nominal aerodynamic
 

center in conjunction with the nominal forebody power delta (when O) times


the aerodynamic center tolerance.


The forebody-tolerances include contributions due to i..test instrumenta­

tion uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number


characteristics, 4. Model-tunnel testing uncertainties, 5. Pressure integration


uncertainties and 6. Math model uncertainties. Each tolerance contribution is


assumed independent and therefore the contributions are combined using the RSS


technique. The tolerances thus cbver the uncertainty from the math model to


flight data and are to a +3a level ;with a Gussian distribution.


The forebody coefficients are determined using power delta's. Thus the


instrumentation accuracy includes two independent measurements that are combinec


by the RSS techniques. The instrumentation accuracy for a single measurement iE


estimated to be 3 percent. Thus two measurements would be 4.3 percent. The


general uncertainty in the nominal forebody force coefficient due to instrument


tion uncertainty was estimated at 50 percent of the calculated nominal forebody


coefficient. The similarity parameter uncertainty was estimated to be 30 percei


of the nominal, Reynolds number and scale effect was estimated to be 100 percen


of the nominal, model uncertainties were estimated to be 30 percent of the
 

nominal, integration uncertainties at 30 percent of the nominal and math model


uncertainties were estimated at 20 percent of the nominal value. The net RSS


tolerance value for the forebody, coefficients are large compared to the nominal


math model values. This is because the nominal math model force coefficients


are small. If the math model is not used the tolerance would be approximately


double the values presented and it was determined that forebody tolerances


approaching double the values presented in Table 9-16 would be excessive.


Portions of the forebody have zero nominal plume induced aerodynamic force


coefficients in the math model although specific computed values have been


determined and are listed in the tabulated data in the appendix'(see Section


VII). The tolerance analysis discussed above considered the nominal values


calculated although the math model nominal force coefficients are zero.
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Table 9-1. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY


1=0 
MACH a -6 -4 -2 0 +2 +4 +6 6EI/O 
1.55 -6. .0232 ,9227 .0223 ,. 18 .Q,? 23  ,0227 ,0232 10/-2 5 
CN 
CN 
1.5b 
1.5b 
4, 
-2. 
*0267 
.0254 
0253 
.0237 
0238 
o-2 
,0224 
.0204 
,0238 
.o221 
.0253 
.0237 
90267, 
.0254 
. 
CN 1.55 0. o0237 .0219 .0200 .0182 .00 .0219-o~u.0237' 
ON 1.b! 2. 02539 *0215 .0192 .0168 .0192 .0215 .0239 
cN 1.55 "4. .0240 .0212 .0184 .0156 .0184 .0212 .0240 
CN -.1,bb b. .0241 .0209 .0176 .0144 .0176 .0209 . .0241 
C 
CN 148U 6. .077 .0o0i .027 .os ..0227 .0202 -o6t 10/-5 
C11 
CN 
1.6U 
1.bU 
-4o 
-2. 
.0210 
.0226 
o0222 
.0228 
*0234 
U230 
.0246 -:0234 
.0232 0230 
.0222 
.0228 
o0210a 
0e26 
CN 1:8U U. .0241 :0234 .0226 .0219 .0226 :0234 .0241 
CIN 1.bU 2. 0240 .0234 .0229 .0225 .0229 023b4 .0240' 
L Ci 1.8u 4: .028 .0235 .0232 .0229 .0232 .0235 .0238 
cN 1.bu b. .0228 .0223 .0218 .0212 .0218 .0223 .0228 
ON ;e '.2u -6. .0216 .0234 .0252 .0270 o0252 .0234 .0216 4/-5 
ON ?.f6U 4. .0214 U03248' .0265 .­0248 .0231 .016k4 
CN 22U -2 .U2U2 ?0215 .0228 .0241 0228 .0215 00202 
cN 2.2U U. .0190 .0195 .0200 .0205 .0200 .0195 .0190 
CN 2.u .2. U188 .0190 .0192 ,0194 .0192 ,0190 .0188 
C e,0U ,.' .6191 ,0193 ,0195 .0193 .0191 .0189 
ON -2.2u 6. .0189 .0192 .0194 .0197 .0194.00192 *.0189, 
cN ?-.49 -6. 0-­2 2 .0239 .0236 .0234 .0236 90239 .0242 0/-2 
2il."-94. .0264 - 0254 .0244 .0233 .0244 .0254 .0264 
CN e,49 -2. .021 .0240 .0229 .0219 .0229 .0240 .0251 
GN 
CN 
-jt•9 
2.49 
o. 
2. 
.0240 
.0263 
.0229 
.0242 
•0217 
.0221 
.0206 
.0199 
. 217 
.0221 
.:0229 
.0242 
- -0240 
.0263 
CN 2.49 4. .028 .0252 .0224 .0196 - 02294.0252 0280 
ON ie.49 6. .0273 .0251 .0229 .00 -0229 .0251 .0273 
Table 9-2. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY


INBOARD ELEVON GRADIENT - 6Ef GREATER THAN NOMINAL E3 
MACH a -6 -4 -2 0 +2 +4 +6 
CN 
CN 
CN 
Clf 
CN 
CN 
Cr4 
1 
1.5) 
6-­
1.b 
1.5b 
1.5b 
1.bb 
-6. 
-4. 
0 
2. 
4. 
6. 
.000 
-,oo1 
-­2-04 
-,0032 
-.0026 
-,0020 
-,00U27 
.. 005 060'3 
-.0010 -.uo06 
-.0016- -.0007 
-.0020 -.0007 
-.0017 -.0007 
-.0014 -.0007 
-.0014 -.0002 
.0ooo .. 60'3­ .o00o 
-.0003 -.0006 -.0010 
-6di -.0667 -.0016 
.0006 -.0007 --.0020 
0002 -.0007 -.0017 
-.0001 -.0007 -.0014 
.0011 -,0002 -.0014 
0008 
-.0013 
-.0024 
-.0032 
-.0026 
-.0020' 
-.0027. 
0 
0 
CN 
CN 
CN 
1.bU 
1.80 
1.8u 
'_.t 
-4. 
-2. 
-01 
-.0010 
-.0017 
- .0Q97 
-.0013 
-.0019 
-.0013 
-.0016 
-.0020 
-.0019 
-.0019 
-.0022 
-,0013 
-.0016 
-.0020 
-.OP07 
-.0013 
-.0019 
-,0001 
-.0010 
-.0017 
' 
CN 
CN 
CN 
CN 
1.bU 
1.8U 
1.80 
1.8u 
U. 
2. 
4. 
6. 
-.0025 
-.0024 
-,0023 
-.0018 
-.0024 
-.0026 
-,0027 
-.0021 
-.0024 
-.0028 
-. 0032 
-0024 
-.0024 
-.0030 
-.0037 
-.0027 
-,0024 
-.0028 
-.0032 
-,0024 
-.0024 
-o0026 
-.0027 
-.0021 
-.0025 
-.0024 
-w0023 
-.0018 
CN 
cN 
CN 
CN 
Ci 
CN 
Ci 
?.19 
.1t9 
,.19 
e.19 
e.19 
2.19 
2.19 
eb. 
-4. 
-2. 
. 
2. 
4. 
6. 
.bOJ0 
.0003 
.0005 
.0007 
.0007 
.UOOb 
.0006 
-.0002 
-.0001 
.0001 
.0004 
.0004 
.0003 
.0003 
-. O04 
-,0004 
-.0002 
.0000 
.0001 
.0001 
.0000 
-.0006 
-,0007 
-.0006 
-0003 
-.0o0 
-.0002 
-,0002 
-.0004 
-,0004 
-.0002 
O.OP 
.0001 
.0001 
.0000 
-.0002 
-,0001 
.001 
.0004 
.OOL 
.0003 
.0003 
,0000 
.OO03 
o0o5 
.0007 
.0007 
0006 
.0006 
CN 
CN 
C249 
CN 
CN 
CN 
CN 
,...002 
2.49 -4.. 
-2. 
.. 2+ 0. 
_,4 2. 
2,49 4. 
-2.9­ 6. 
.OOUU 
-.0000 
--00ou 
-.0001 
-,0002. 
-.0006' 
0001 
-.0001 
-o0001 
-oo0o2 
-.0002 
-000 
.0004 
-,0000 
-,0002 
-,0003 
-s0U03 
-.0003 
-0009 4 
.00O02 
-.0002 -.0000 
-.0003' -.0002 
-.0004 -*0003 
-90005 -o0o03 
-.0005 -:0003 
-.0005 -.000_4 
.*0001 -o0002 
.0001 
-.0001 
-.0001 
-'0002 
-.0002 
;7o0 
-;*0004 
.0002 
,0000 
-.0000 
-,000 
-.0001 
-o000 
-.0006 
H 
- NORMAL FORCE COEFFICIENT - FOREBODYTable 9-3. SSLV AND ORBITER POWER DELTA 
 EF
INBOARD ELEVON GRADIENT - aEI LESS THAN NOMINAL 
 
EEm


-4 -2 0 +2 +4 +6MACH a -6 
Cq l.bb -6. -.0019 -.0008 .0002 02 008 -90019 
CN. 1.bb' -4. -.0009 -.0002 .0005 .0012 .0005 -.0002 -.0009 
CN 1.5b -2. -.0001 ,0004 .0008 .0013 .0008 .0004 -.0001 
CN . . 5b _0 .0008 .9009 .0011 .0012 .0011 .0009 .0008 
CN 1.bb 2. .0001 .0004 .0006 .0009 .0006 .0004 .0001 
C.5b 4. -. U03 000 .000 .0006 0QQ03 .0000 -.0003 
cN 1.5b 6. -.0016 -.0009 -.0002 .0006 -. 002 -.o00g -.0016 
CN ...i0 -6 .0003 &0004 *0005 ,050006 .005 .0004 .0003


CN4 1.8u -4. .0004 .0004 ,0004 *000 .0004 .0004 .0004 
CN - 8U O, -,D0002 .0003 .0004 :0006 .0004 .0003 .0002 
Cfj 1.8U 0. -. 0000 bd- 00 .01 '66 7' U -00 
Qq 1.8U_ 2. 0002 .0002 .0005 .0009 .0005 .0002 -.0002 CN 1.50 4. -.0004 .00010 0006 .00 .o006 .0001 -.0004 
CN 1.89 6. -.0000 .0002 .0003 .0005 o003 ,0002 -0000 
CN !A92. -6. - 0005 -.0002 .0002 .0006 .0002 -. 000 -. 0005 
CN 2.19 -4. -.0006 -#0004 -.0001 .0001 -.0001 -,0004 -.0006 
CN A Uj. -_o.008 -.0006 -.0004 -.0002 -.900 -*0006 -,0008 
CN 2.19 0. -.0010 -.0008 -.0006 -.0003 -.0006 -,0008 -.0010 
CN J .19 2. -.0011 -.0008 -,0006 -,0003 -.0006 -. 0008 -.0011


CN 2.19 4. -.01 -.0008 -.-. 0002 -.05 -.0-008 -.0011 
CN . 19 4. 00U9--,0007.-04
-0901 .0004 -.00007 00109-. 905 00087
M 2.  6 -. 009 .0 07 -. 000 -.0009 
CM .49 -4. -. 00o -.aaai .000 .0002 .oooo -.oooi -.oooa 
cN 2.4Y -2._ oodo6 '--oooi .0063 o-66 " .'ooo .-9b-oi .6ooo 
2.49 -2. .0001 .0003 .0004 .0003 .0001 .0000CNCN 0. .0000.0000 ,0002 ,0003 °0005 ,0003 .0002 .0000OH 
CN 2.49 2. .0001 .0002 .0003 .o005 .0003 .0002 .060i 
cN 49 4 . .Qu02 .a0003 .0004.oo05_ 0004 .0003 ......0002
CN 2.49 6. .006 .0004 90002 .0001 .0002 .0004 .0006 
C 
-2.49 
Table 9-4. 	 SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 
OUTBOARD ELEVON GRADIENT - 6E0 GREATER THAN NOMINAL E13ED 	 nE


-2 0 	 +2 	 +4
 +6
MACH a -6 -4 
 
CN 1,bb -be -.UUU7 -.0003 .0001 .0004 .0001 - o0003o 	-0007
	 3"


CN .. bb -4. .0uu .0003 .0004 0005 o0o4 .0003 0002 
CN 1.5 -2. OU005 .0005 .0005 .0005 ,0005 .0005 .0005 
CN 1.55 0. .0009 "66 7 " .60a6,0004-.  65 "0607 .009 
CN 1.bb 2. *OOUb .0006 .0005 .0004 .0005 90006 ,0006 
CN 1.5t 4. .0005 .0005 .0004 .0004 .0004 .0005 .0005 
CN lbb 6. .U002 .0003 0004 .0005 .0004 .0003 .0002 
C 
CN 1.8U -6. -.OOUO -.0004 -.0007 -.0011 -.0007 -,0004 -.0000

C1 1.6u -4s -.0008 -.0010 -.0012 -,0013 -.0012 -.0010 -.0008

CN 1.8u -2. -.0016 -.0015 -.0015 -.0014 -.0015 -.0015 -.0016 
CiJ 1.8U 0. -.0023 -.0021 -.0018 -.0015 -.0018 -.0021 -.0023 
CN 1.80 2. -.0015 -.0016 -.0018 -.0019 -.0018 -.0016 -.0015 
C1 1.8U 4. -.0006 -.0012 -.0018 -,0024 -.0018 -.0012 -.0006 
Q4 1.8U 6. -.OUUb -.0009 -.0009 -.0010 -.0009 -.0009 -.0008 
CN 2.20 -6. .0005 -.0000 -.0006 -.0011 -.0006 -.0000 .0005 
CN a.2u -4. .0002 -.0001 -.0005 -.0008 -.0005 -.0001 .0002 
CN 2.2u -2. 00011 .0004 -.0002 -.0009 -.0002 .0004 .0011 
CN ?.2U 0. .0021 .0011 .0002 -.0008 .0002 .0011 .0021 
CN 2.2pU 2. .0026 .0013 .0003 -,0006 -0003 .0013 .0023 
CN 2.2U 4. .0023 .0013 .0003 -.0007 .0003 0013 .0023 
CN ?.2U 6e. 0023 .0013 .0003 -,0007 .9903 .o13 .0023 
CM e.49 -6. .0005 .0003 .0002 .0000 .0002 .0003 .0005 
CN 2,49 -4, -.0001 -.0001 -.0000 .0000 -.0000 -.0001 -.0001 
CN ?.49 -2. -.0002 -.0001 -.0000 .0001 -.0000 -.0001 -.0002 
CN 2.49 0. -,0002 -.0001 -.0000 .0001 -.0000 -.0001 -.0002 H 
CN 2.49 2. -,0004 -,0002 -. 0001 -.0000 -. 0001 -.0002 -.0004 
4249 4., -. 000 -. 0002 -00 .-. O0Z 5O09 dff09 
CN ?2o49 6. -. 0001 -0001 -:0001 -:0002 -. 0001 -. 0001 -. 0001 
Table 9-5. 	 SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY


OUTBOARD ELEVON GRADIENT - aEO LESS THAN NOMINAL E ]
 

MACH a -6 -4 -2 0 +2 +4 +6 
CN ... -6. -. 0007-.0003 .0001 "&0oo0-1 b03 -,0707' ;60004 
c_. - .55 -4. .0002 0003 .0004 90005 0004 *0003 90002 
CN 1.5b -2. .0005 .0005 0005 .0005 .0005 .0005 .0005 
CN. 1.5t5 0. .0009 .0007 ,0005 .0004 .0005 .0007 .0009 
CN 1.bb 2. .0006 .0006 .0005 .0004 .0005 .0006 .0b06 
CN . . 4-. .000b .0005 .0004 .0004 .0004 .0005 .0005 
CN 1.bb 6. .0002 .0003 .0004 .0005 .0064 .0003 .0002 
CN . .8_-_6. -.0022 -.0005 .0012 .0029 .0012 -0005 -.0022 
CN 1.8U -4. -.001 .0002 .0017 .0032 .6017 .0002 -.0013 0 
CN 1.8U -.2 0014 .0020 .0026 .0032 :0026 .0020 o0014 
CN 1.8u TU, U042 ,0038 .0035 .0032 .0035 .0038 .0042 
ciO 1.8u 2, .0029 .0033 .0037 .0041 ,0037 .0033 .0029

CN. 1.8- 4. .0017 .0028 .0039 .0049 .0019 .0028 .0017 
CN 	 . 6.. 0016 .0020 .0024 .0028 .0024 .0020 .0016


.20 .0001 .0001 

CX 2.2U -4. -.0006 -.0000 .0005 .0011 .0005 -O0000 -.0006


CN 2.2U -2. -.0012 -.0005 .0001 .0008 .0001 -.0005 -.0012


cN 4t u 0. -n.0.2 -. 0011 -. 0001 .0008 -.9001 -. 0011 700020 
CN 2.2U 2. -.0022 -.0013 -.0003 .0006 -.0003 -.0013 -.0022


c.2U 	 4. -.0022 -.0014 -,0005 0004 -.0005 -.0014 -.0022


CN ?020 6. -.0020 -.0012 -.0004 .000 '-. 0004" -.0012 -.0020


CN 	 -6.--.0007 .0010 .0018 10 
-.0007


CN. 	 -6. -.0006.. -.0004 -.0002 .0000 -.0002 -.0004' -.0006-2.49 
-4. -.0000 .00 oooo -.0000


CN _Z.49 -2. -. 002 -,0002 -.0001 -.0001 -.0001 -.0002 -.0002


CN 2.49 0. -.0004 -.0003 -.0002 -.0001 -.0002 -.0003 -.0004


.CN 2.49 2. -,oo02 -o001 .0000 , 9* 0000 -0001 -.0002


CN 2.49 4. -.0001 .0001 .0002 .0003 .oooa46iA &6i •


CN .,49 6. 0001 .0001 .000 1. 000 1 001 ,0001 .0001


CN 2.49 -.0000 	 .0U00 .0000 -.0 

Table 9-6. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY


MACH a -6 -4 -2 0 +2 +4 +6 'EI/O 
CMCM 1.5b1.5b -6.-4. -.0222.02b2 -.0217 -.0239 -,0213-,0225 -,0208 -.021 -.0213-#0225 -0217 -.0239 
-o0222 
-.0252 
10/-2 
CM 1.bb -2, -,0242 -o0226 -.0211 -.0195 -.0211 -.0226 -.0242 
CMA l.bb 0. m-0228 -.62i -.019% -.0177 -.0194 -.0211 -.0228 
CM 1.5b 2. -.0229 -.0207 -.0186 -.0165 -.0186 -.0207 -.0229 b 
CM lob! 4. -.U229 -.0204 -.0178 -.0153 -.0178 -.0204 -.0229, 
CM 1.bb 6. -.0229 -.0200 -.0170 -.0141 -.0170 -.0200 -.0229 
0 
0 
CM 1.8U -6. -.0172 -.0194 -.0216 -.0238 -.0216 -.0194 -.0172. 10/-5 -
CM 1.8U 4. -.0199 -.0209 -.0219 -90229 -.0219 -.0209 -.0199 
Cm 1.8U -2. -.0211 -.0213 -.0215 -.0216 -.0215 -.0213 -.0211 
CM 1.u 0. ;.022Y -.0217 -.0210 -.0203 -.02i0 -.0217 -.0223 
CM 1.U 2. -.0224 -.0218 -.0211 -.0205 -.0211 -.0218 -.0224 
CIA 1.8u 4. -.0224 -.0219 -.0213 -.0208 -.0213 -90219 -.022 
CM 1.8u 6. -.021. -.0208 -.0203 -.0199 -.0203 -.0208 -.0213 
cM Z.2U -6. -.0210 -.0227 -.0243 -.0260 -.0243 -.0227 -,0210 4/-5 
CM Z.2U -4. -.02U7 -.0223 -.0240 -.0256 -.0240 -.0223 -.0207 
CM 2.2U -2. -.0197 -.0209 -.0221 -.0232 -.0221 -.0209 -.0197 
CM 2.2u 0, -.0186 -.0191 -.0195 -.0198 -.0195 -.0191 -.0188 
CM 2.2U 2. -.0189 -.0188 -.0187 -.0187 -.0187 -.0188 -.0189 
CmZ 2.2Ub 4' ." Z-. -.6Xf§0--0188 '-".0186 ~-6if6S­ ~-.6f9(F' 19 
CM 02U .6. -.0190 -.0189 -.0188 -.0187 -.0188 -,0189 -.0190 
CM 2.49 %. -,U230 -.0229 -.0228 -.0227 -.0228 -.0229 -*0230 0/-2 
cM 
CI 
.,4 
2.49 
-4o 
-2. 
-.02b2 
-.02o4 
-.0244 -.0235 
-. 0230".k0221 " 
-.0226 
2­
-.0235 -@0244 
-To2 
-.0252 
03 H 
CM 2.49 0. -.0229 -.0220 -.0210 -.0200 -.0210 -.0220 -.0229 
Cm ?.49 2. -. 0252 -. 0232 -. 0213 -.0193 -.o213" -. 0232 -. 0252 
CM 2.49 4. -,0268 -.0242 -.0216 -.0190 -.0216 -.0242 -.0268 
CM ?2.4Y 6.' -.061 --.0241 -.0U221 -.0202 -.0221 -.b094i -.0261 
Table 9-7. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY 
INBOARD ELEVON GRADIENT - 6EI GREATER THAN NOMINAL 
SS 
c.b 
MACH a 
-b. 
-6 
-.0008 
-4 
-.0006 
-2 
-#0003 
0 
-o0001 
+2 
-.0003 
+4 
-.0006 
+6 
-.0008 
cM, 
CMj 
cm 
cM 
CM 
cM 
1.bb 
1 .Sb 
1.bb 
1.. 
1.5b 
1.bb 
-4. 
-2. 
U. 
2. 
4. 
b. 
.0-­-1 
.0019 
.0026 
4)021 
.O0lb 
00U2? 
000-6005 .606 
.0012 .0005 -.0001 
.0016 .0005"-.0005 
.Q013 .0006 -.0002 
.0011 .0006 .0001 
.0011 .0001 -.0010 
.­666t 
.0005 
.0005 
.0006 
*000 
.0001 
.­ 08 
.0012 
.0016 
.0013 
90011 
.0011 
.6011 
.0019 
.0026 
.0021 
.00-16 
.0022 
0 
H 
CMf 
cm 
cM 
CM 
CM 
CM 
CI 
1.8U 
.... U 
1.8u 
1.6u 
1.8U 
1.8U 
1.80 
6. .00 
-4. 0006 
-2, '0011 
U. .0017 
2 .0018 
4...... 19 
6 ,0014 
.(0(05 
.0009 
.0013 
.0018 
.0020 
.0022 
.0016 
-01 .o00 
.0012 
.0015 
.0018 
.0022 
.0025 
.0018 
.6i1 6 1 
.0015 .0012 
.0017 .0015 
.0019 .0018 
.0023 .0022 
.0028 .0025 
.00 1 .6018 
-o-066s­
.0009 
.0013 
.0018 
.0020 
.0022 
.0016 
;ooba 
.0006 
.0011 
.0017 
00018 
.0019 
.0014 
rn 
cM 
C2 
CM 
CM 
CM 
CV 
CM 
-
2.19 
?.!19 
2.19 
2.1 
?.19 
t9 
?.19 
-. -.0000 
-4. -.0OUZ. 
-2. -.0004 
0. _-.00h6 
2. -.U00b 
_ -.-0U-U4 
6. -.0004 
.0002 
.0001 
-.0001 
-.0003 
-.0003 
--.002 
-. 0002 
.0004 
.0004 
.0003 
00UO 
-.0000 
-.0000 
.0000 
.0006 
.0007 
.0006 
s.0003 
.0002 
0002 
.0002 
.0004 
u004 
.0003 
9O000 
-.0000 
-.0000 
.0000 
.0002 
.0001 
-. 0001 
-. 0003 
-o0003 
-.0002 
-00062 
-.000,0 
-00002 
-.0004 
-. 0006 
-.0005 
-:0004 
-.0004 
C1 
-cm 
2.9 %. 
.2.49 "-4. 
2.49 -000 
-m0002 
-,0001 
-.0001 
.0001 
I.... 
0000 
00002 
3 
60002 
sO3 
.0004 
.0000 
oO2 
.66oo 
.0001 
001-00 
'.od 
-,0002 
-6b 
o o000. '0002 .0003 .0005 .0003 00002 .0000
CM.- ?0. 0 4 . 00 03 
 . '00 2
 .000b-ii
44 2 , oo 
 oo ,0003 . 0
CM 

cM .. 49 . . oo02 .0000 .0004 .0005 .004 .0003 ._0002


CM 249 6. .0006 .0004 0.002 . ,0001 .,600 .0004 .0006


Table 9-8. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY 
INBOARD ELEVON GRADIENT - aEI LESS THAN NOMINAL 
MACH a -6 -4 -2 0 +2 +4 +6 
CM 
CM 
CM 
CM 
CM 
CM 
CM 
1.5b­
l.bb 
1.5b 
1.bb 
1.bb 
1.5b 
1.bb 
6. 
-4. 
-2. 
0. 
2. 
4, 
b. 
.0017 
.0010 
.0003 
-.0005 
-.0000 
.0001 
.0011 
.0008 
.0003 
-.0001 
-.0006 
-.0002 
-.0000 
.0006 
-.0001 
-.0003 
-.0006 
-.0008 
-.0005 
-.0002 
'.0001 
-. o01"0.601 
-,0009 -0003 
-.0010 -.0006 
-.0009 -.0008 
-.0007 -.0005 
-.0004 -.0002 
-.0003 .0001 
-00008 
.0003 
-.0001 
-.0006 
-.0002 
-.0000 
.0006 
.0017 
.0010 
.0003 
-,0005 
-.0000 
.0001 
.0011 
20 
cM 
CM 
CM 
cM 
CM 
CM 
CM 
1,8u 
1.8U 
iau 
1.8u 
1.. 
1.0U 
1.8U 
-&. 
-4. 
-a. 
0. 
. 
4. 
6. 
-00 
-.0002 
-. 0U00 
.0001 
002 
.0003 
.0001 
-.0003 
-.0003 
-.0602 
-.0001 
-.0o0 
-.0000 
-.0000 
-.0004 
-.0003 
-.0003 
-.0003 
-.ood 
-.0004 
-.0001 
-.0005 
-.0003 
-.0004 
-,0004 
-.0006 
-.0007 
-.0003 
-00u' 
-.0003 
-.0003 
-.0003 
-.0003 
-.0004 
-.0001 
-.0003 
-.0003 
-.0002 
-.0001 
-.0000 
-.0000 
-.0000 
-0002 
-.0002 
-o,000 
.0001 
*0002 
.0003 
.0001 
CM 
CM 
cMCM 
2.19 
.19 
2.192.19 
-6. 
-4. 
-2. 
. 
.00u4 
.00u5 
.0007
.06 
.0001 
.000 
,0005
.0007 
-.0002 
O0b0o 
.0004
.0005 
-.0005 
-.. o4 
.0002
.0004 
-.0002 
6-P 
,0004
.6005 
.0001 
.00O4 
.0005
.0007 
.0004 
.0005 
'o0007
.0008 
CM 
CM 
cm 
2.19 
2.19 
2.19 
2. 
4. 
6. 
.0009 
.0009­
.0007 
.0007 
,0007 
, 000b 
90005 
.0005 
.0004 
.0004 
.0003 
,0002 
.0005 
.0005 
.0004 
o0007 
.0007 
.0005 
.0009 
.0009 
,0007 
CM 
cm 
CM 
CM 
CM 
tM 
CM 
2.49 
2.49 
2,49 
2.49 
2.49 
2.49 
-6. 
-+4. 
-2. 
0., 
2i 
4. 
6. 
.0002 .000i 
.0001 -.0001 
o­o0b -. 01 
-. 0000 -. 0002 
-,0001 -. ooo0 
-,0002 -.0003 
-.0006 ;-61004­
-.0000 
-.0002 
-. oooW 
-.0003 
-*000 
-.000.4 
-0002 
-.0002 -.0000 
-.0003 -.o002 
-.oooL '003 
-.0005 -.0003 
- -0004-. o Q3r 
-.0005 -.0004 
-;oo1--002 
.0001 
-.0001 
0-o 
-.0002 
-T'uOr 
-90003 
0d004 
.0002 
.0001 
-ooo 
-.0000. 
'=¥hOo1 
-.0002' 
-.0006 
, 
Table 9-9. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY 
OUTBOARD ELEVON GRADIENT - 6E0 GREATER THAN NOMINAL 
MACH a -6 -4 -2 0 +2 +4 +6 
CM9pb 1.5 -6..-4 ,UOU7-0O01 .0005 -. 0002 -. 000o-0003 -.o004---.000 -. 0004 -. 0003 
.00 3 
-. 0002 
,0007
-0001 
3" 
CM 1 bb -. -. 0004 -. 0004 -. '0004 -0004 -.0004 -. 0004 -. 0004 
CM 
CIA 
I.bb 
.bb 
0. 
2. 
-O007 
-000 
-.0006 
-,5-. 00 
-.0004 
-b004 
-,0003 
-. 0004 
-.0004 
-.60b4 
-.0006 
-.0005 
-.0007 
-.0005 
CM 1.b 4. -.oU04 -0004 -,0003 -.0003 --0003 -.0004 -.0004 
CM 1.5b b. -.0002 -.0003 -.0004 -.0005 -,0004 -.0003 -.0002 
CM 1.du -b. -.0300 .0003 .0006 0009 .0006 .0003 -.0000 
CM 1.8U -4. O00b .007 .0609 .00O .0009 .--07 .0005 0 
CM 1.6U -2. .0011 .0011 .0011 .0011 .0011 .0011 .0011 
CIA 1.80 . .o18 .0016 .0014 .0011 .bd14 ,d6i6 .o18 
CM i.6u 2. ,o0iL .0012 .U013 .0014 .0013 .0012 .0012 
CM 1.Bu 4. .OUS ,0009 .00i3 .0017 .0013 .0009 00005 
CM 1.8 6. OUUu .0006 ,0006 .0006 .0006 ,0006 .0006 
CM 2.2U -:­ -. 0003 .0001 .0005 .0009 .0005 .0001 -.0003 
CM .2.201 4:.-. O01 .0002 .0004 .0007 .0004 .0002 -.0001 
CM 2.2U -2. -.uo09 -.0003 .0003 .0008 .0003 --0003-.0009 
CV.20 . o17 -.0009 --0001 .9008 -. 0001 -.0909 -.0017 
CM 2.2U 2. -. 00i8 -. 010 -. 0002 .0005 -. 0o02 -. 00'0 -. 018 
Cm 2.2U 4. -.0016 ,0010 -.0002 ,0005 -. 0002 -00010 -.0018, 
CM .2U 6. -.0018 -.0010 -.0002 .0006 -.0002 -,0010 -.0018 
CM 2.49 -6. -,0005 -.0003 -.0002 -.0000 -.0002. -.0003 -.0005, 
CM 
CM 
.,'+
2.49 
-4. 
-2. 
.0001 
.0001 
,0000 
.0001 
-.0000 
-.0000 
-.0000 
-. 0001 
-.0000 
-00000 
.0000 
.0001 
.0001 
.0001H 
CM 2.4W .000o2 o.00-0000 -.0001 -.0000 .001 .002! 
C2 
CM 
-­ 4 
2.49 4. 
. 
.0004 -ooo0002.0003 -uooi.0002 .0000.0001 .0001.0002 .00020003 0003,OOO 
CM .49 6. ,0001 ,0001 .0001 .0001 .0001 .0001 .0001 
Table 9-10. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY


OUTBOARD ELEVON GRADIENT - LESS THAN NOMINAL 
MACH a -6 -4 -2 0 +2 +4 +6m 
C 
CM 
CM 
CM 
CM 
Cm 
CM 
.057. .­0" 
1,5b -4. -,0001 
1 -- a -.0004 
1.55 . -. 0007 
1.55 2. -O00-b 
1.5b 4. -. o04 
1.bb 6. 6-0 
- .0003 
-.0002 
-.0004 
-.0006 
-,0005 
-,0004 
-.0003 
-.0000 
-.0003 
-.0004 
-.0004 
-.0004 
-.0003 
-.0004 
-.0004 
-.0004 
-,0004 
-.0003 
-.0004 
-.0003 
-.0005 
-.0000 
-.0003 
-.0004 
-.0004 
-.0004 
-000,3 
-.0004 
,0003 
-.0002 
-,0004 
-.0006 
-.0005 
-.0004 
-.0003 
.0007 
-.0001 
-.0004 
-.0007 
-.0005 
-.0004 
-.0002 
-. 
n 
0 
CM 
CM 
CM 
Cm 
Cm 
CM 
CM 
1.8u 
1,SJ 
1.8U 
1. 
10bu 
iAU 
1.8U 
-. .00.18 .0004 
-4. .001L -.0000 
-2. -.0010 -.0015 
0 0 -.0033 -.0031 
2. -. 024 -.0026 
1-'6Thdi-,0022 
6. -,0011 -.0014 
-,0010 
-.0013 
-.0020 
-.0028 
-.0029 
-.0029 
-.0017 
-,0024 
-.0025 
-.0025 
-.0025 
-.0031 
-,0036 
-.0020 
-.0010 
-,0013 
-.0020 
-.0028 
-.0029 
-.0029 
-.0017 
.0004 
-.0000 
-.0015 
-.0031 
-.0026 
-#0022 
-.0014 
,0018 
.0012 
-.0010 
-.0033 
-.0024 
-.0016 
-.0011 
CM 
cm 
CM 
CM, 
CM 
CM 
CM 
2.2U' 
.2u 
2.20 
2.20 
.2U 
2.2u 
2.2U 
"­
-4. 
-2. 
0. 
2. 
4:. 
6. 
.. 05 
.0004 
.0009 
.0016 
.0017 
.0o16 
.0015 
-.0001 
-.0000 
.0004 
.0008 
.0010 
0010 
.0010 
-.0008 
-.0005 
-.0002 
.0001 
.0002 
0004 
.0004 
-.0015 
-.0010 
-.0007 
-.0007 
-.0005 
-.0003 
-.0002 
-.0008 
-.0005 
-.0002 
.0001 
00602 
.0004 
,0004 
-.0001 
-.0000 
.0004 
.0008 
.0010 
,0010 
0010 
,0005 
.0004 
.0009 
.0016 
.0017 
.0016 
.00,15 
CM 
CM 
CM 
CM 
2.49 -6. 
2.49 -4. 
2.49 -2*us 
;&.49 0. 
0006 
.0000 
0 6 
.0005 
.0004 
.0000 
.0002 
,0003 
.0002 
-.0000 
.0001 
.0002 
-.0000 
-.0000 
.0001 
.0002 
-.0000 
.000i 
.0002 
.0004 
.0000 
.00o2 
.0003 
0006 
.0000 
00063 
.0005 
-.00 -.0002 -.0oo ooo0 .O03
cm . _9 . .003.0002 -O9 
.,4j9 4. .0001 -.0000 -.0001 -.0003 -.0001 -.0000 00012. 
cm 2.49 6. -. 0001-- -.0001 - -.0001 -. dobi -.660± -.bod± -.foboi 
Table 9-11. INBOARD ELEVON - HINGE MOMENT COEFFICIENT - POWER DELTA F--
MACH a -6 -4 -2 0 +2 +4 +6 1El/O 
DCHiiE 1. -6. -.0157 -.0128 -.0099 -.0069 -.0049 -.0034 -.0020 10/-2 A 
DChLI. 1.5b -.4. -..0166 -.0124 -.OO5 -.0046 -.0036. -.0033 -.0029 
DCHLI 1.55 -2. -.0159 -.0104 -.0069 -.0034 -.0028 -.0026 -.0024m 
0L -.Ul111 -0053 -.0054 t.0025 -.0020 -.0019 -.0018 
DCHLI i.ss 2. -.6102 -.0074 -.0047 -.0019 -0-.001 -. 01f -.0008. 
DCHLI 1.5n 4. -,U091 -.0065 -.0040 -.0014 -.0007 -.0003 .0001 90 
CHLI 1.55 b. -.0081 -.0057 -.0033 -.0009 -.0000 .0005 .0011 
DCHLI 1.8U .­ 1-6."60 -.0140 -.0121 -.0101 -.0071 -bO06 -;OO20 10/-5 
DCH[LI 1.8U -4, -.U149 -.0128 -.0106 -.0085 -.0070 -.0057 -.0045 i 
OCHt-I 1.6u -. -,0129 -.0112 -.b094 -.0076 -,0062 '-.0050 -.0039 
DCHLI 1.tiu U. -.0110 -.0095 -.0081 -.0067 -.0054 -.0044 -.0033 
DCritl 1.6U 2­ -.0097 --0084 -.0071 -.0058 -.0055 -.0052 -.0050 
oCIILL 1.8U _4. -.0084 -.0072 -.0061 -.0049 -.0055 -.0061 -.0068 
HuchLfI i .ai8u 6. - .U062 -.0056 -.0051 -.0045 -.0052 0;0o6§ -.0067 
DCHlI ?.2u -6. -.0165 -.0157 -.0149 -.Oi4O -.0i02 -.0067 -.0032 4/-5 
DCFL. 2.2U -4. -. 0179 -. 0156 -. 0132 -. 0109 -­0070 -.0035 -.0001 
DCHLI ?.?U -2. -. lb3 -.0128 -.01103 -.0078 -.0046 -.OOf9 .0009 
OCIhIL ?.2u 0. -.0126 -.0098 -.0072 -.0046 -.0022 -.0002 .0018 
OCi-ILL 2.20 2. -.0094 -.0073 -.0052 -.0031 -.0015 -.0000 .0014 
DCHLI 2.au 4-. -.0064 -.0050 -.0067 -.0024 -.0013 -.0003 .0007 
DCHLI 2.2 -6. -.0b05 -.0043 -.0032 -.0021 -.6016 -;6oia -.0009 
DCHtl Z.49 -6. -.02U8 -.0168 -.0129 -.0089 -.0079 -.0072 -.0066 0/-2 
OCH.I 2.49 -4. -.0224 -.0178 -.0131 -.0085 -.0068 -.0054 -.0041 
DCHL1 2.49 -2. -,62 1 -.0170 - o0120-#0069 -6ob4 -6044' -.0034 
DCtitlI ?49 o0 -021lb -,0162 -.0108 -,0054 -.0043 -.0035 -.0028' 
OCL .9 2. -.0186 -0138 -0 -. ooC54 -ThD'r4 "L-. CF046 
DCHLI 2.49 4. -,0152 -.0113 -.0074 -.0036 -.0043 -.0051 -.0060! 
OCHLI P.49 6 ----­ f01a082 -.0062 -.0043 --.00-47"-.0 05]2-. 60S7 
Table 9-12. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
INBOARD ELEVON GRADIENT - 6EI GREATER THAN NOMINAL Ei 
Co 
MACH a -6 -4 -2 0 +2 +4 +6 
ochCIrb 
UCMLI -. b5 
DCHLI 1.5 
DCHLI 1bb 
6. .014 
..4._..21 
-2. .001b 
0. .009 
.o11 
90014 
.0010 
0.0 03 
.0008 
.0007 
.0005 
.ooo5 
-. 0001 
-.0001 
00001 
-.o006 
-. 0005 
-.0001 
0000 
-.0014 
-. 0009 
-.0001 
.004 
-.0023 
-. 0012 
-.0000 
.011 
DChItl 
DCHtl 
1.bb .. 
1,bb 6. 
. u07 
.0003 
.0004 
-.0002 
.OOUO 
-.0008 
-.0003 
-.0013 
-.0003 
-.0010 
-.0003 
-.0007 
-.0004 
-.0004 
I 
DCliLI 
OCHLl 
DCi 
-DCLIL 
DCHiLL 
DCHLI 
1.-­ -­ 76. .-­0014 
1.6U -4. .0010 
,L-I. 26:.-UUU7 
1.80. .0005iiU , ,UUu 
1.8u 4. .0003 
1iu­ 6. -.062 -
.0017 
.0013 
.0012 
.0010
.0008 
,0005 
.0003 
Ob21 
.0016 
.0016 
.0016
.0011 
.0007 
.060 
.0024 
.0019 
.0020 
.0021
.0015 
.0009 
.0012 
.0021' 
.0021 
.020 
.0019
.0016 
.0014 
o0b14 
.0018 
.0023 
0019 
90016 
.0018 
.0019 
.0015 
.0015 
.0024 
.0018 
.001300019 
.0024 
.0016 
C 
DCtIl 
DCHLI 
DCHLI 
DCH-I 
001-IL 
DCILI 
OCtiLI 
2.19 -6. 
2.19 .-4. 
2.1 -2. 
zi_ 0. 
2.19­ . 
. 
2.19 6 
,0003 
,UOU0 
,0010 
.0016 
.011 
0_0,007. 
.0006 
.0005 
.O00. 
.0009 
.0009 
.0007 
.0005 
,0003 
.0007 
.0009 
.0008 
$0005 
.0UU3 
.0002 
.0001 
,0009 
.0010 
.0007 
.0002 
-.0000 
-.0001 
-.0002 
.0011 
,000.7 
,0003 
-.0002 
-.0064 
-.0004 
-.0004 
.0012 
,0005 
-.0000 
-,0005 
-.607 
-­0007 
-.0006 
.0013 
.0003 
-.0004 
-.0009 
-.0010 
-.0010 
-.0007 
OCHLI 
DCHLI 
DCHLI 
DCfbtL. 
OCHIocHEI 
DCHLI 
-
e.49- -6. ,6bOuo0 
-.49 -6. 0004 
?.49 "2. U7 
,­.49 0. .0010 
2.49 2. .00112.49_ .010._,
4u 6 .0007 
,o0 
.0000 0003 
-OUO0006,0004 
.0008 ,0006 
.600 .00 
-9 .000o7 ,ooo~
.00040 
oo o0 
.0002 .0001 
,0003 .0001 
.0004 .0001 
00 .0000
,oooo.-00o2 
-. 0003 -. 0003 
,o 
.0001 
.0001 
-.0000 
-.o06i
-.0003 
-. 0002 
.,oo 
.0001 
-0000 
-.0002 
-.0003
-.0005 
-,0001 
. 
Table 9-13. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
INBOARD ELEVON GRADIENT - 6EI LESS THAN NOMINAL E3 
DCHlI 
DCHLl 
OCHtl 
C 
DCHLI 
OCHLID  
MACH c 
1.bt-. 
1. b -4. 
I.bt -2. 
1.bb U. 
.bb 2. 
1.b .b 6. 
-6 
.au27 
.0018 
-bbU19 
.0022 
.00.7 
60U.0008 
-4 
0016 
.0010 
.0011 
.0013 
.0009 
b2..0002 
-2 
,0005 
.0001 
.U003 
.0004 
.000, 
-..00041 
0 
-.0006 
-00008 
-.0006 
-.0005 
.0- 006 
-..0006dd 9 
+2 
.0007 
.0006 
.0002 
-.0002 
-.0002 
-. o002.oo a 
+4 
.0021 
.0019 
.0010 
.0001 
000 
.00030004 
+6 
.0034 
.0031 
.0018'" 
.0004 
008 
.0001'0011 
% 
0 
4 
DCH£L 
OCH&1 
DCH l 
oCQiti 
DCHLI 
DCtiII 
OCitiL 
1.dU 
1.Su 
1..U 
1.8U 
1.8u 
1.Su 
...U 
-6. 
-4. 
-2. 
U. 
2. 
4. 
.0002 
* u05 
0005 
.0005 
.0003 
.0000 
F.001 
.0001 
.0003 
.0002 
.0002 
.0000 
-.0001 
'--;U0006 
-.0001 
.0001 
-.0001 
-.0002 
-.0003 
-.0003 
-­booa 
-.0002 
-.0000 
-.0003 
-.0006 
-.0005 
-.0004 
O -
-.0003 
-.0002 
-.0004 
-.0005 
-.0005 
-.0004 
6-66q 
-.0004 
-.0003 
-.0004 
-.0004 
-.0004 
-.0004 
-. 665 
-,0004 
-.0004 
-.0003 
-.0003 
-.0003 
-.0003 
"-.0-o05 
OCIHLI 
DCHAI 
oCHIj 
OCHtI 
DCHtl 
OCALI 
2.1v -6. 
2Cii.19 -4. 
2.19.Tbkie 
?.19 0. 
2.19 2. 
?.19 4. 
. 
*OUb 
.0004 
.0010 
.0011 
.0011 
.00 
0003 
.0003 
.005 
.0007 
.0007 
.0007 
b.9.05 
-. 0001 
.0002 
.0003 
.0003 
000U4 
.0004 
.0003 
-.0004 
.0001 
.0002 
.0000 
-.0000 
.0001 
.Uod 
-.0003 
.0003 
.0005 
.0005 
.0004 
.0003 
.­002 
-.0002 
.0005 
.0008 
.0011 
.0009 
.0005 
40003 
-.0001 
.0006 
.0011 
.0016 
.0013 
.0007. 
.0004 
DCHIh 
OCHL 
DCHLI 
DCHb1 
DCHLI 
DCHLI 
OCHEI 
2.49 
4.49 
?2.49 
2.49 
2.49 
2,49 
.49­
-6. -. uo00 
-4. -.0O04 
-2. -. 0007 
0. -.0010 
2.-.6U1 
4. -. 0010 
6. -.0007 
-.0000 
-.0003 
-.0006 
-.0008 
- .0008 
-. 0007 
'-o.000 
-. 000 
-.0003 
-,0004 
-.0006 
-.0005 
-. 0004 
-.0000 
-.0000 
-0OO02 
-.0003 
-.0004 
-.0002 
-. 0000 
.0003 
-.0002 
-.0001 
-.0001 
-.0001 
.0000' 
.0002 
".b63 
-.0003 
-.0001 
-.0001 
.0000 
.0002 
.0003 
0oo2 
-.0004 
-.0001H 
.0000' 
.0002 
9"0003' 
.0005 
.0001 
Table 9-14. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT F-q
dEO GREATER THAN NOMINAL
OUTBOARD ELEVON GRADIENT ­
+4 +6 fl
MACH a -6 -4 -2 0 +2 
DChLI 1.b -6. .0004 .0001 -.0001 -.0004 -.000b .0004 .0008 

DCdLI 5bb -s -.0004 -.0003 -,0002 -. 0001 .0001 .0003 .0005 

DCnLi 1.b -2. -.0001 -. 0001 -.0001 -.0001 -.0000 .0000 .0001 

QCHlI I1.5b U. .0t1U2__0001 .0000 '2 . 'O000.0 ?000-.0002 

DCHEI i.bt 2. .00uZ .0000 -.0001 -.0002 -,0002 -.0002 -o0002 

DCHLI 1.55 b. .002 -.0000 -.0002 -.0004 -0003 -.0001 .0000 

0


0


DCHtl 1.U b 00 00005 .00U9 .0014 -.0015 .0016 90016n 
DCHtl 1.8u -4,. -. U01J -. 0003 .0005 .0013 .0016 *0017 ,0019 
DCHLI 1.UU -2. -.0007 .0000 .U008 .0015 .0015 .0015 .0015 
OCrILI 1.SU .... _.0-0005 .0004 .0010 .0017 .0015 .0013 .0010 
DCriLl 1.60 2. ,UUUO .0005 .0009 .0014 .0015 .0015 .0016 
DChL1 1t U L4. OUU$ .0006 .0008 .0011 .0015 .0018 0021 
DCiLL 1.0 6. -UOUU .0003 .0006 .0009 .0011 .0014 0016 
DCHI 2a.U -b. -.0004 .0000 ,0004 00008 .0010 .0010 .0011


DCHLI 2.._ ....0UQ9 .0003 .0005 .0006 ,0005 .0002 0000


DCHLI 2.2U- -2. .-. 0U .0002 .0004 .006 .0002 -.0003 -.0007


DCtIl 4.zu U.t.0001 .0001 ..0003 :0005 -.0002 -.0009 -.0016


DCHIL 2.2U1 2. -.0000 .0001 .0002 .0003 -.0005 -,0012 -,o09 
DCHL- aU 4. .oouo .0001 .0o0o -o000o -.0007 -.0015 -.0023 
DCH.0 . -. o0 ._-.0i0 1.00 -.0001 -.0007 -.003 -.
0020 
Th.L .00 . 0001 .0001 .0001 .0001 .0002' '0b 
DCH-LI 3.L9 4. . 1 0-00)0 .0001 .0001 .000? .0002 :0002. 
DCHLI 2.49 -2. -.0002 -.0001 .0000 .0001 90002 00003 .oobV 
-0003 ,OOO5 o0006


. 49 0. -.0001 .0000 .0002
0CH -.0002 

DCHLL 2.49 2- -. 0001.00 6.0b .0002 003Y 00064 .000-O6C U6bb(g
,0007 00009
DCHLI _t_ ..._----- -0001 .0002 .0003 .0005 

oChtI 2.49 6s -.0U1 ,0000 .0001 0003 .0004 -0006 .0008


Table 9-15. INBOARD ELEVON POWER DELTA 
OUTBOARD ELEVON GRADIENT -
- HINGE MOMENT COEFFICIENT 
6E0 LESS THAN NOMINAL 
MACH a -6 -4 -2 0 +2 +4 +6 
DCHLI 
PcHLI 
DCHLI 
DCHLI 
DCH4LI 
OCHLI . 
DcHCI 
1.Sb -6. 
1.bb -4. 
1.bb -'2. 
.bb . 
.bb 2. 
.bb_4. 
1.bb 6. 
OU04 .0001 
-*O4 -.0003 
-O00 -.0001 
U. .0001 
.002 .OOOO 
.000 .0000 
o002 -.Ou0 
-. O01 
-.0002 
-.0001 
-.0000 
-.0001 
-. 0001 
-.0002 
-. 0004 
-.0001 
-.0001 
-,0002 
-.0002 
-. 0002 
-.0004 
-. 0000 
.0001 
-.0000 
-o0002 
-.0002 
-. 0002 
-.0003 
.0004 
.0003 
.0000 
-.0002 
-.0002 
-. 0002 
-0001 
.0008 
.0005 
.0001 
-.0002 
-.0002 
-. 0001 
.0000 
OCHLI ".­ - -6.---UU18-.0001 -.0020 -.0039 -,0024 -.0009 .0007 
0 
DCI-iI 
OCHLI 
DCIi 
!OChLI 
DCHLI 
OcrtI 
1.80 -4. 
1.6u -2. 
1.8U U. 
1.30 2. 
o1.304, 
1.80 .6. 
.0023 
,0U22 
.O019 
60009 
.0000 
-0009 
.0007 
.0006 
.0003 
-. 0002 
-.0007 
-.0002 
-. 0008 
-. 010 
-.0013 
-. 0014 
-.0015 
-.0013 
-. 0024 
-. 0026 
-.0029 
-. 0025 
-.0022 
-.0024 
-,0022 
-. 0024 
-.0025 
-. 0029 
-.0032 
"-.&6o27 
-.0019 
-. 0020 
-.0020 
-. 0031 
-,0040 
.oo0§ 
-.0016 
-. 0016 
-.0015 
-. 0032 
-10048 
-. 0o31 
DCrILI 
DCHIl 
OCHLI 
L)ChLI 
DCHLI 
DCHLI 
DCHLI 
2.26. 
2.2u -4o 
-1 
2.20 0. 
2.2 2., 
2.20 4. 
-2.20 6. 
.0--­4 
-. 0001 
U0u" 
-. 0001 
-,0000 
-.0000 
-. 0001 
.0004 
-. 0003 
'-u-26o2 
-. 0002 
-.0001 
-.0001 
-,0001 
-.UUU5 
-. 0006 
-,0004 
-. 0003 
-.0002 
-.0001 
-UOO1 
-.0015 
-. 0008 
-.0005 
-. 0004 
-.0003 
-.0002 
-. 0001 
-.6012 
-. 0002 
.6001 
.0003 
.0065 
.0007 
.0005 
-.0009 
.0003 
,0007 
.0011 
.0013 
.0015 
.0010 
-.0006 
.0008 
.oO13 
.0018 
.0620 
.0023 
.0016 
DCH I 2.q-6. .001 .0001 .0001 .0001 -. 0000 -.0001 -.0002, 
DCHLICHIL 
p.QiL 
DCHLI 
0CrILI 
DCHLI 
2.49 '-4* 00022.49-- 2. - .­0000 
.4 U. -.0002 
2.4Y 2. -.OOO 
.*49 4. .0000 
V.4 . -.­ 00---00 
.0002 
. 0001 
.0000 
-.0000 
-. 0001 
0 600 
.0002
.0002 
.0002 
-;oooo 
-,0002 
-o0001 
.0001
.0003 
.0003 
-.ooo 
-. 0003 
-.000? 
.0001
.0001 
.0001 
-. o0 
-.0002 
-.0003 
-00000
-.0001 
-.0001 
00O6 
-. 0001 
-.o063 
-0001 
-. 6003 
-.0004 
-Th002 
-. 0000 
-.0003 
'C 
Table 9-16. OUTBOARD ELEVON - HINGE MOMENT COEFFICIENT POWER DELTA 
DCHO 
DCOIo 
_CkiLQ 
DCHLO 
0CH-O~ 
DCHLO 
MACH 
1.b 
~ 
1.5b 
1.55 
1.5b 
1.5!5 
1.bb 
a -6 
-60 -. 0007 
-c-&.4. -.00U5 
-2. -0Ub 
.0. -.000b 
2. -.0004 
4. -. 0002 
6. -.0001 
-4 
,0007 
*0008 
.0009 
0010 
,0012 
* 0013 
0015 
-2 
.0021. " 
.0021 -
.0023 
,0025 
.0027 
.0029 
ob3a.0 
0 
,0035 
.034 
.0037 
.0040 
.0042 
*0044 
00466 
+2 
.o065 
.0056 
.0054 
.0053 
.0053 
.0053 
0052 
+4 
.0090 
.0074 
.o069 
:0064 
.0062 
.0059 
.0057 
+6 
o0115 
.0092! 
.0083 
:0074 
.0070 
.0065: 
60061' 
EI/O 
i0/-2 
[=DO 
Q 
0 
FL 
DCH1O 
OCH 
DCHLO 
DCHLO 
OCHLO 
DCHtO 
OCHLO 
1.U -b. 
.U 4. 
1.8U -.2. 
J±.. U._ 
1.1u 2. 
1.8U 4. 
U b. 
-67 
-. 0083 
- 0075 
.UUb8 
-.006 
-.0059 
-. 040 
-00-9 
-.0068 
-.0059 
-.0050 
-.0046 
-.0041 
-.0025 
-.0054 
-.0053 
-.0043 
-,0033 
-.6028 
-.00-23 
-.0011 
-.09._0 
-.0038 
-,o628 
-0016 
-'666 
-.0005 
.0003 
0­
.0009 
.0007 
-.0006 
.6o 
.0020 
.0030 
.­01-6o 
.0051 
. 037 
.0025 
.o0o4 
.0043 
,0054 
.01V-65 
.0092 
.0068 
.004 
.b054' 
.0065 
.0079 
10/-5 
DCHLO 
0CH -
DCHrO 
DCHLO 
DCHLO 
DCHLQ. 
DCHLO 
-2 
2.2U 
±2 U 
Z.20 
. 
2.2u 
4 o q 
2.2U 
-.-. 0083 
-4. -.UUSO 
-2. -.0041 
0 0. -. 04O 
2. -.0038 
4. -. 0036 
6. '-su039 
-. 062 
-.0048 
-.0045 
-.0043 
-.0042 
-.0041 
-.0043 
-.0042 
-.0046 
-. O048 
-. 0047 
-.0047 
-.004.7 
-.0046 
-;0021 
-.0044 
-.0051 
-.0051 
-.0051 
-.- 0052. 
-.0050 
-.0009 
-.,940 
-.0046 
-.0045 
-.0044 
-.0O044 
-.0051 
,0001 .0011 
-. 0037. -. 0033 
-.0041 -.0035 
--.0039 -.0034 
-.0038 -.0031 
-. 06-.0027. 
-.0053 -.0054 
4/-51 
OCHLU 
, 
DCH.O jCb,__Q 
DCHLO 
DCHLO ... 
DCHLO 
2.49 -6. -.0154 
'CH9Q'-­-. 4 -4. -.0106 
2.49 -2o -,0082 
., 
9 0. -.0060 
2.49 2'. .0049 
4. 4. -.0041 
2049 6. -.U044 
-.0094 
--0069 
-&0055 
-*0042 
.0037 
-.00033 
-.0039 
-.0034 
-,0032 
-.0027 
-. 0024 
*002 
-,0025 
-.00O4 
.0026 -.o017 
.0006__0017 
.0000 -.0018 
-.0005 -.0018 
-01ThiW -. 025 
-.0018 .0,Q030 
-.0029 -.0033 
-.0062 -.0106 
-.b041 -.0066 
-0036 -.0054 
o-0032 -.0045­
?---.01T 
--.0042 _.0Q55' 
-.0038 -.0043 
0/-2i1 
Table 9-17. OUTBOARD ELEVON - HINGE MOMENT COEFFICIENT POWER DELTA


INBOARD ELEVON GRADIENT - aE1 GREATER THAN NOMINAL


MACH a -6 -4 -2 0 +2 +4 +6


DCHLO 1.b m. .05bb -.0015 -.ou34 -.0654 -.0081 -06103 -.0i24


DCHLO bb -, -.0007 -e0023 -.0039 -0056 -.0078 -.0096 -,0113


-.
DCHLO b3 -2. -. 0005 -. 0021 -. 0037 -. 0053 -. 0074 -. 0090 -. 0106 S" 
DCHLO 1.5b 0. -.0003 "-0019 -.0035. -.0051 -.0069 -.0084 -.0099' 
DCritO 1.b -.OU09 -0b20 -.0031 -.0042 -.0063 -.0081 -.0099 
DCHLO 1b5 4. -.0014 -.0021 -.0028 -.0035 -90057 -,0077 -.0097 
DCHILO 1.b 6. -. 0003 -.0019 -i0U34 -. 0049 -.0063 -.0075 -.&086 
DCnHO la--b. .0059 .004 .00-6 .0006 -. 6056 -;0119.0167


DCHLO 1.8U -4. ,0047 .0030 ,0014 -.0003 -.0040 -.0071 -.0103


DChLO 1.8U -2. .0044 .0025 .0007 -.0012 -,0039 -#0062 -.0086


DCHLO 1.8u U. .0041 U0020 -o0000 -,0021 -.0039 -.0054 -o0069


DChr-O 
 1.80 2. .U31 .0015 -.O002 -.0018 -*0039 -.0057 -.0076
OCHtO-1.u 4. .0022 .0009 -.0003 -.0016 -*0040 -,0061 s.0082
 
OCHtO 1.80 be .0001 -. 0008 -. -. 0040 -. 0061 -.
,U .01 0018 0082


OCHtO 2.19 -6. .0053 .0025 .00i6 .0008 .0002 -.0002 -.0006 
OCHL-O 2.19 -4. .0014 .0013 .0012 .0010,.0010 .0009 .00.08 
DCHLO 2.19 -2.- dUo .0009 .0010 .0010 .0010 .6009 .0009' 
.DCHLO 2.19 U. .0007 .0007 .0008 .0008 .0008 .0008 .0008 
DCHLO 2.19 2. ,0005 .0006 .0008 .0009 .008 90007 .0006 
DCHO 0219 4. .0003 .0006 ,0008 .0011 .0008 .0006 .0003. 
DCJOI a.1 6. .004 .0006 ,0008 .0010 .0010 .0011 .0011

DCHLO 2.49 -b. .Ub8 90026 -.0006 -.0037 -.0040 -.0041 -. 0041 -
DCHLO ?.49 4. .0036 ,0014 -.0007 -.0028 -,0032 T,0036 -.0039i 
DCHLO 249 -2.- U0 8 ° -0010 -,0008 -,0025 -,6631 -o035 .-0039 
QCHO e.4V U. 021 .,0006 -. 0008 -0023 -,0029 -0034 -.0039 
OCHLO-2.4 .001 -b-66- bl T'ZIo -. o7-o64Rt37 
DCHLO 2.49 4. . u003 -. 0005 -. 0013 -o0020 -,0025 -. 0029. -. 0033; 
DCHLO ?2.49 6. -,0015 -90007 ,0001 ,0009 -.0009 -,0027 -.00441 
Table 9L18. OUTBOARD ELEVON - HINGE MOMENT COEFFICIENT POWER DELTA


INBOARD ELEVON GRADIENT ­ aEI LESS THAN NOMINAL F-q 
MACH a -6 -4 -2 0 +2 +4 +6 
DChtO 1.bb -6 -.005b -11 .0002 .0014 .0052 .0085 .0117 " 
DCHLO 
DChLO 
1.5b 
105b 
-4. 
-2. 
-.0600 
-.0002 
.0002 
.0004 
.0004 
.0009 
.0006 
.0014 
.0043 
.0043 
.0076 
-6069 
.0108 
.0095 
_otLQ__ 
DCHLO 
0C1 
1.5b 
1.bb 
_._b 
0. -.0006 
2. -.0014 
4_..-. 23 
.0005 
-.0002 
-.­0007 
.0 013 
.0010 
.0009 
.0021 
.0022 
.0025 
.0044 
.0042 
.0042 
.:0063 
.0060 
.0056 
.0082
.0077 
.0070 0 
DCHLO 1,bb 6. -.0067 -.0017 .0003 .0023 .0040 .0052 .0065 
0 
DChHtO 1.SU -6. -.0060 -. 0022-.0013 -.0004 .o1 .O. . 637 
DCHLO .... -4. .*0021 -0014 -. 0008 -. 0001 60908 .0017 .0025 
DCH-tO 1.8u 2. -0017 -.0011 -.0005 .0001 .0009 ,0015 .0022 
DCHtO .. 8 0Lu_. -. U13 -.0008 -,0002 .0003 .0009 .0014 .0019 
DCILO 1.8U 2. -.0009 -.0004 -.0000 .0004 .0010 .0016 .0022 
D.cHt-_O ZS18U 4, -,OUU4 -,O0O1 .0001 .0004 .0011 ,0018 ,0025 
DCHLO 1.80 6. -.0003 -.00OU .0002 .0005 .0011 .0016 .0022 
DcHOtO 219 -6.. -0U0i -. 0006 -.o10 -.0015 -.0043 -.0069 -.0095 
D.t 
DCHhO 
?Q..19 
2.19 
-4. 
-2. 
.U0UU 
.0006 
--0008 
-.0008 
-.U016 
-.0017 
-.0024 
-.0026 
-tpp.9.~ -.0053 
-.0036 -.0044 
-.0066 
-.0053 
D.CHt;O 
DCHtO 2.19 
U.1 
2. 
UUU000 
-.0002 
-.0008 
-.0009 
-.0016 
-.0016 
-.0024 
-.0024 
-.0032 
-.0030 
-.0038 
-.0036 
-.0044 
-.0041 
D-CHPO .. -.UUU4 -.0011 -.0017 -.0023 -.oa9 -.0035 -.0040 
DCHLO 2.19 6. -.0006 -.0012 -.0017 -.0023 -.0038 -.0052 -.0066 
DCHtO 2.49 -6, -.00b8 -.0026 ,0006 .0037 ,0040 .0041. .0041 
_fCktlQ......_, 3 -4. -003t -.0014 .0007 .0028 .0032 .0036 .0039 I. 
DCHLO 
.JDck% 
DCHOL 
2,49 
2.49 
2.49 
-2, 
0, 
2. 
-.U028 
-,0021 
-.0011 
-. 0010 
-.0006 
-.0000 
.0008 
.0008 
.0011 
.0025 
.0023 
.0022 
.. 
.0031 
029 
.0027 
.0035 
.0034 
.0032 
.0039 
:0039 
.66t 
DCHli.. ._90 4..._-.-003. 0005 . i0013.0020 .o025 .0029 0033 
DICHLO 2.49 6. .0015 0007 -.0001 -,0009 .0009 
 .0027 .0044
 
Table 9-19. OUTBOARD ELEVON - HINGE MOMENT COEFFICIENT POWER DELTA


OUTBOARD ELEVON GRADIENT - 6EO GREATER THAN NOMINAL E3 
MACH a -6 -4 -2 0 +2 +4' +6 
DcHLO 
DCIILO 
DCtO 
DCHO 
DCHLO 
DCHLO 
OCILO 
1. 
1.bb 
15b.b 
±.S)b 
1.bt 
1.bb 
1.bb 
b 
-4. 
-2. 
0. 
2.. 
4. 
b. 
90007 . 
*UO0 
.0007 
.O00b 
.0004 
.0001 
.U000 
0003 .oo.­
.0004 -.0001 
.0003 -.0001 
.0002 
.0601 
-.0001 
-.0001 
.0000 -,000 
-.0000' -,0001 
.UUU5 -.00b .0004 
-.0005 -.0003 -.0001 
-.0005 -.0004 -.0002 
-.0005 
-.0004 
-.0004 
-.0004 
-.0003 
-.0004 
-.0001, -.0003 '-000'5 
-,0001 -.0004 -;,006 
.. 8 
.0001 
.0000 
-.0001 
-.0003 
-.0006 
-.0008 
" 
A 
DCHLO 
DCHLO 
DCHLv 
DCHLO 
DChLODCHLO 
UCHtO 
-
1,bu 
1.Bu 
1..bu 
1.3u
"3.. ... 
10U 
- .00 
-4t...0027 
-2. 02i 
O, 
20 
.0015 
.0012 
6, ..OO 
oiU--b0 .&...d60 0 .d'i0" 
.0023 
.0017 
.0018 
.0012 
0013 
.0008 
.0011 
00008'
o.009,0 6 
.0007 
.0U05
.0003 
.0002 
.0001
.0001 
.0006 i "0002-.0002 
ebl4 
-.0001 
-.0001 
-.0001 
-,0004
-.0006 
-01b'f0 
-'0035 
-. 0014 
-.0009 
-.0004 
-.0008 
-.0012 
-.600618 
°;O057 
-.0027 
-.0017 
-.0007 
-.0012 
-.0018 
_;0026 
oCHt-o 
uCh-O 
DO-iL-C 
DCHtO 
OCh-O 
DCtiOl!.. 
DCHLO 
.2u 
2.2U 
au 
2,2U 
2.2u 
b. 
-4. 
2 
0. 
2.6 
4. 
5. 
.0026 
.0017 
.UU14 
.U613 
oi 
_ .__0012 
.Ol5 
.0o21 
.0016 
.0014 
d 4O;O
.0014 
.0014 
.o14 
.0015 
ub15.016 
.0016 
.0016 
.0016 
.0015 
6007 
.0015 
.0017O'!! 
.0017 
.0017 
.0017 
.017 
,0003 
.0013 
-
.0015 
,0015 
.0015 
.0017 
-.0000 
.0012 
.061_S0 4 
.0013 
90013 
.001? 
.0018 
.0o04 
.0011 
.00oia 
.0011 
",o0f 
.0009 
.ob18 
Docio 2.9 
DOHLO . 49 
OCHO -. 9 
DCHO 2.49 
DCHLO 2.49 
-be 
-4. 
2* 
Uo 
2. 
,0024 
.90021 
0015 
0010 
.0007 
,0025 
.0022 
.0018 
0015 
.0013 
,0027 
.0023 
o0022 
.0020 
.02 
.0025 
.0025' 
,.0025 
.ooS6 
,0046 
.­0043' 
.0039 
d2 
,0065
'--59 
,'0053 
.d107 
.0084
.W6075: 
.0067' 
Table 9-20. OUTBOARD ELEVON - HINGE MOMENT COEFFICIENT POWER DELTA


OUTBOARD ELEVON GRADIENT - 6EO LESS THAN NOMINAL


-4 .-2 0 +2 +4 +6
MACH a -6 
 
DC1ILo 1,b! -6. ,0007 .000o -.600 -.0005 -.00001 .0004 .0008


DCJHLO 1.tbb -4. .0008 .0004 -.0001 -.0005 -.0003 -.0001 .0001


DCHLO l.sb 2.. .0007 0003 -.0001 4-000 5 -.0004 -.0002 .0000


DcHLo .	 .000b 	uoo .0002 -.0001 - -.0004 
 .,o5 -.0001o
_ , gLrPO	 0 
CH0 k.bb U. 3 .0005 -.0003 

OCHL-o 1.bb 2. ,0004 .001 -.0001 -.0004 -.0004 -.004 -.0003,Lb


DCHLQ .iU 4. -0001 -0000 -.000 -90001' ,0003 -00O5 .,0006


oCiitO 1.* -6. -0000 -.000 -.0001 -.0001 -.0004 -.0006 -.0008


.U .-__L 6-5 -- 0bo 66! 6.--61§---- -- 0'-1----------4" -0 --- 0 
SOCHLo 1.8U....±_-_u_o 4 _,oo51 -so0,37 .-0024~-,00o3 ,0003 
 ,00
6gi 
DCHrO A.6U -4. -. 0040 -. 0035 -. 0030 -. 00126 01 .02 	 *04


.0090
OCi-iLO 1.8u b. -.0064 -005 -.0013 -. 0024 .0018 003 
 
DCHiLO 1. 0 ?-. .00 ' -.0025 
 .000 -0061 .0001 .005 .0049
 
DCHLO 1.80 2. -.0032 -.0030 -.0024 -.0012 -.0006 .0043 .0030-

DCHO 1.8u 0. -.0025 -.0025 -,018-.0017 -.0013 .0038 	 .000


DCHEO__2.24. 2..uo9 -bi-,-66--"0 	 - ,,-*-07-0017-007
.000 ,.0013 -,0058
 
_______ 
00 	 t-0017-0040DCHLO e.80 -4. -0U07 -. 25 -.*U5-010 9 
 -.0012 	 . 1
 
bCH-LO ,u 0005 -,0015 .o_02O. 0053 -.

DCHt-0 2.U -4. -.00 -.0001 -.0019 -.001 - 019 -,0019 -.0020


1.t2U ,0001500 1  	 ,0005 - 0017 -. * 0 8 06
087
Oc L et 6,b. -. 19, -*. 1 
 . 07 

CIILO ?*2U -6. -*00175 -. 0051 -0005 .'dois4 -.o02 -.00213-.0030


DCHLO -.OCI-I ... 4U u "?,ma -40005 -.0031 -.0027 -­0021 -­ 004 -.0010 -,0000.0001 -.0001-0002 -0003-0002 -,004.003 
DCHO 2209 2. -.0027 -.0008 -.0008 .0002 .0002 .0001 .0001 
DCHLQO 
LiCH-0 
149. 
2.49 6. 
-.0041 
-.0011 
,0007 
-.0007 
0014-. 
-.0003 
0000 
.0001­
-.0002 
.0002 
.0001 
.0002 
.0000 
.ob002 
1~B Engineering & Technology Center TR-1963 
MACHNO. SSLV 
 
1.55 .0143 
 
1.80 .0171 
 
2.20 .0171 
 
2.50 .0186 
 
1.55 .0271 
 
1.80 .0302-

2.20 .0276 
 
2.50 .0255 
 
1.55 .0256 
 
1.80 .0355 
 
2.20 .0383 
 
2.50 .0340 
 
Table 9-21 
FOREBODY.FORCE COEFFICIENT TOLERANCES - SSLV AND ELEMENTS


ACA


ORB 
 
.0015 
 
.0016 
 
.0017 
 
.0018 
 
±ACN 
.0162 
 
.0192 
 
.0162 
 
.0157 
 
±ACy


.0030 
 
.0030 
 
.0025 
 
.0020 
 
ET 
 
.0015 
 
.0016 
 
.0017 
 
.0018 
 
:0050 
 
.0060 
 
.0070 
 
.0080 
 
.0008 
 
.0012 
 
.0014 
 
.0016 
 
SRB(1)


.0100


.0120


.0120


.0130


.0150


.0160


.0150


.0130


.0180


.0250


.0270


.0240
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Table 9-22 
FOREBODY MOMENT INCREMENT ,EQUATIONS - SSLV AND ELEMENTS


2ELEMENTS.ACM \ACN (x)]2 [ N +EAC J 22 
.ACYN =V [ACt (kt) 2 Ec ' N)IL 
~[C ( LA~~±J [CAC [Aj) 2 
SSLVACM I_(AC) 2 + (ACMET2 (ACMs)2 + (ACM )2 
X AXXN 2 )] Y Z X"C A( V

TYPICAL ACssLv ET RSBSR

ORB . ET


MACH N N yN L ZL YL A N XN XyN L ZL LA


it, -- LL- L -- L


1:55 .99 .02 -.0 .44 0 0 .26 .8 0 .8 .03 .03 .03 .03 
1.80 .99 .02 1.0 .44 0 0 26 .8 0 .8 .03 .03 .03 .03 
.99 .02 1.0 .44 0 l0 .8 0 .8 .03 .03 .03 .032.20 .26 
2.20 .99 .02 1.0 .44 0 -0 .26 .8 0 .8 .03 .03 .03 .03 
2.50 .99 .02 1.0 .44 0 0 .26, .8 0 .8 .03 .03 .03 .0.3


SRB RIGHT

LEFT


XN AXN VlY Z__ 
yZL L A
MACH N N XYN
 
2L 

L L L L L L L 
1.55 1.10. 0 1.10 0 .194 .194 .02 
1.80 1.10 0 1.10 0 .194 .194 .02 
2.20 1.10 0 1.10 0 .194 .194 .02 
2.50 1.10 0 1.10 0 .194 .194 .02


NOTE: L = 1290 INCHES
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Table 9-23 
FOREBODY FORCE TOLERANCES - COMPONENTS


WING TOLERANCES VERTICAL TAIL TOLERANCES 
MACH +ACNW +ACYV 
1.55 .010 .010 
1.80 .012 .012 
2.20 .010 .012 
2.50 .010 .013 
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Table 9-24


FOREBODY MOMENT EQUATIONS - COMPONENTS


WING


ACBW = ACHW( 
ACTW = ACNW ) 
C 
VERTICAL TAIL 
C= w(Ziv2 AZVj2 
.cBV +L[V 
ACTV = F V(12+


MAC jjA y-L- 1YvaHEL-	 _CEHINGE MOMENT 
ACHEI, = ACHEI 
aCHEO = ACHEO 
1
*WING		 VERTICAL2 
x z v AZv I AXnXw 
MACH LF -L- L L L +ACHEI +ACHEO 
11.5 .110 -.3Z' .45 .30 .40 .10 .0030 .0050


1.80 .110 -.32 .45 .30 .40 .10 .0030 .0060


2.20 .110 -.32 .45 .30 .40 .10 .0060 .0060


2.50 .110 -.32 .47 .30 .40 .10 .0030 .0080.


1 	 For Wing 2 VerticaZ


b = 936.68" L = 199.8 in.
 

c 	 = 474.81" 
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Section X


CONCLUSIONS


Problems with the IA138 test were mainly limited to differences in the


model attitude for the power-off and power-on runs.- This difference mainly


influenced the wing gage data. It is estimated that the wing power delta:'s


are most severely influenced by this problem.


There was a measurable change in the performance of the SSME nozzles


approximately half way through the test that should be investigated. The


change in performance is approximately within the tolerance level of the


instrumentation, however it is a consistent change.


The -base axial forces and base pressures show some unexpected slight


variations that may be due to the change in performance of the SSME nozzles.


The majority of the base pressure data appeared to be consistent.


The major independent variables that change the plume induced aerodynamic


characteristics are angle of attack, angle of sideslip, inboard elevon


deflection and'SRB and SSME power level.
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Section XI


RECOMMENDATIONS


It is recommended that the SSME nozzle performance be studied to


evaluate the change in performance that occurred during the test.


It is also recommended that the test data be evaluated using the new


similarity parameters and a new math model of the plume induced base and


forebody aerodynamic characteristics be developed.


ii-i 
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